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LEGAL NOTICE / DISCLAIMER

This report was prepared by Stone & Webster Engineering Corporation on behalf of the Alaska
Industrial and Export Authority pursuant to a Cooperative Agreement partially funded by the
U.S. Department of Energy, and neither Alaska Industrial and Export Authority nor any of its
subcontractors nor the U.S. Department of Energy, nor any person acting on behalf of either:

(A) Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately-owned rights; or

(B)  Assumes any liabilities with respect to the use of, or for damages resulting from the use
of, any information, apparatus, method or process disclosed in this report.

Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the U.S. Department of Energy. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the U.S. Department of
Energy.
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ABSTRACT

The Healy Clean Coal Project (HCCP) was selected by the U.S. Department of Energy (DOE)
under Round III of the Clean Coal Technology Program. The facility is located at Healy, a town
250 miles north of Anchorage, Alaska (near Denali National Park), on a land adjacent to the
existing Golden Valley Electric Association, Inc. (GVEA) Healy Unit No. 1 power plant. The
project is owned and financed by the Alaska Industrial Development and Export Authority
(AIDEA), and is co-funded by the U.S. DOE. The coal supplier is Usibelli Coal Mine, Inc.,
located adjacent to the Healy plant.

The technology demonstrated at HCCP combines the TRW Clean Coal Combustion System and
the Babcock and Wilcox (B&W)/Joy Spray Dryer Absorber (SDA) System into a single,
integrated, combustion/emission control process. These technologies have been designed to
achieve reductions in emission of sulfur dioxide (SO,), oxides of nitrogen (NOy), and particulate
matter, thereby meeting future energy needs from coal-fired generation in an environmentally
acceptable manner while burning a variety of coals.

The Flue Gas Desulfurization (FGD) System at the Healy Plant consists of a SDA, followed by a
baghouse with attendant lime preparation and other sub-systems. The system was started up in
January 1998, has been in operation since then and has performed satisfactorily meeting the
emission requirements.

A Demonstration Test Program was conducted between November 3 and November 15, 1999. A
total of seventeen tests was conducted to study the effect of four variables, namely, unit load (gas
flow rate/gas residence time), approach to saturation or flue gas exit temperature, reagent
stochiometry or limestone feed rate, and steam reactivation of feed slurry or slurry feed
temperature. Each variable was studied at two levels and four tests were conducted for each
variable. One randomly selected test was repeated several days after the first one was conducted
to confirm reproducibility of test and validate test procedures and methodology. All tests were
considered acceptable. The results indicate:

e The SDA system at the HCCP with furnace limestone injection can achieve high SO,
removal efficiencies in excess of 90% even with very low 0.15% sulfur coal with reasonable
reagent stoichiometry of 1.4 to 1.8.

o The system can be operated at an approach to saturation temperature range of 30°F to 40°F,
the temperature range of several conventional lime-based, semi-dry FGD systems with SO,
removal efficiencies in excess of 90%.

e Heat activation of SDA feed slurry appears to be a very significant process parameter, next
only to the approach temperature that determines SDA performance with respect SO,
removal. This is an important finding of this demonstration test program. Even though, steam
heating the feed slurry entails operating cost, this is an option that must be considered in
furnace limestone injection systems followed by SDA-baghouse. Economics of the approach
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will depend primarily on delivered cost of lime and steam, which are site-specific. Operation
at the HCCP suggests steam heating is relatively easy to operate and maintain.

e Of the four process parameters investigated, the order of significance with respect to SO,
removal are:

Approach to saturation temperature
Heat activation of recycle solids
Reagent ratio

Unit load (gas flow/gas residence time)

]
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1.0 EXECUTIVE SUMMARY

The HCCP was selected by the U.S. DOE under Round III of the Clean Coal Technology
Program. The facility is located at Healy, a town 250 miles north of Anchorage, Alaska (near
Denali National Park), on a land adjacent to the existing GVEA Healy Unit No. 1 power plant.
Construction was completed in November 1997, with coal-fired demonstration operations
starting in January 1998.

The project was owned and financed by AIDEA, and was co-funded by the U.S. DOE. GVEA
of Fairbanks, Alaska provided the plant operators. The plant engineer was Stone & Webster
Engineering Corporation (SWEC). The coal supplier was Usibelli Coal Mine, Inc., located
adjacent to the Healy plant.

The technology demonstrated at HCCP combines the TRW Clean Coal Combustion System and
the B&W/Joy SDA System into a single, integrated, combustion/emission control process.
These technologies have been designed to achieve reductions in emission of SO,, NOy, and
particulate matter, thereby meeting future energy needs from coal-fired generation in an
environmentally acceptable manner while burning a variety of coals.

The FGD System at the HCCP consists of a SDA, followed by a baghouse with attendant lime
preparation and other sub-systems. The system was supplied by Joy Environmental
Technologies Inc., which was subsequently acquired by B&W. The system was started up in
January 1998, has been in operation since the start-up and has performed satisfactorily in
meeting the emission requirements.

A Demonstration Test Program specified in the DOE Demonstration Test Program was
conducted between November 3 and November 15, 1999. The objective of the program was to
characterize the SDA system by investigating the effect of various process parameters on system
performance so that the data generated can be used to design other systems with different coal
characteristics and performance requirements. The parameters to be studied include:

Sulfur level (coal sulfur content).

Unit load (gas flow/gas residence time).

Approach to saturation temperature (flue gas temperature at spray dryer exit).
Reagent ratio (calcium to sulfur dioxide or stoichiometric ratio).

Activation of recycles solids.

® & o & 0o

This report summarizes the results and conclusion of this demonstration test program.

The following parameters were measured/monitored during the tests.
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e SDA Inlet
- Particulate Loading
- Temperature
- Moisture Content
- SO,
- Oxygen Content
- Static Pressure
e SDA OQutlet
- Temperature
- Static Pressure
e Stack
- Particulate Loading
- 80, Concentration
Temperature
Moisture Content
Oxygen Content
e Limestone
- Sample
- Feed Rate
e Coal
- Sample
- Feed Rate (from Plant Distributed Control System (DCS))
Air Preheater Hopper Ash Sample
Surge Bin Ash Sample
Electrical Power Consumption
Stack Opacity (from Plant Continuous Emission Monitoring System or CEMS)
Relevant Unit Operating Parameters (from Plant DCS)

e & @ & @

A total of seventeen tests was conducted and one of which was a validation to verify the
repeatability of system performance. The repeatability was good based on this test result, and all
tests were considered acceptable. The results indicate:

e The SDA system at the HCCP with furnace limestone injection can achieve high SO,
removal efficiencies in excess of 90% even with very low sulfur coal with 0.15% sulfur
content at reasonable reagent stoichiometry of 1.4 to 1.8.

e The system can be operated at an approach to saturation temperature range of 30°F to 40°F,
the temperature range of several conventional lime-based, semi-dry FGD systems with SO,
removal efficiencies in excess of 90%.
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e Heat activation of SDA feed slurry appears to be a very significant process parameter, next
only to the approach temperature that determines SDA performance with respect SO,
removal. This is an important finding of this demonstration test program. Even though, steam
heating the feed slurry entails operating cost, this is an option that must be considered in
furnace limestone injection systems followed by SDA-baghouse.

Economics of the steam heating approach will be site-specific and will depend primarily on
delivered cost of lime and steam at plant site. Operation at the HCCP suggests that steam
heating is relatively easy to operate and maintain.

e Of'the process parameters investigated, the order of significance with respect to SO, removal

18!

Approach to saturation temperature
Heat activation recycle solids

Reagent ratio

Unit load (gas flow/gas residence time)

Stone & Webster Page 3




SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

2.0 INTRODUCTION

2.1  Healy Clean Coal Project (HCCP)

The HCCP was selected by the U.S. DOE under Round III of the Clean Coal Technology
Program. After more than five years of planning, design, and permitting activities, the project
celebrated its ground-breaking ceremony at Healy, Alaska on May 30, 1995. The facility is
located at Healy 250 miles north of Anchorage (near Denali National Park), Alaska on a land
adjacent to the existing GVEA Healy Unit No. 1 power plant. Construction was completed in
November 1997, with coal-fired operations starting in January 1998.

The project is owned and financed by AIDEA, and is cofunded by the U.S. DOE. GVEA of
Fairbanks, Alaska provided the plant operators. The plant engineer was SWEC. The coal
supplier is Usibelli Coal Mine, Inc., located adjacent to the Healy Unit No. 1 power plant.

The technology currently being demonstrated in the HCCP combines the TRW Clean Coal
Combustion System and the B&W/Joy SDA System into a single, integrated, combustion /
emission control process. These technologies have been designed to achieve reductions in
emission of SO,, NOy, and particulate matter, thereby meeting future energy needs from coal-
fired generation in an environmentally acceptable manner while burning a variety of coals.

The TRW Combustion System achieves low NO, emissions through a combination of well-
controlled fuel and air staging. The combustor also removes approximately 80 to 90 percent of
the coal ash as a slag by-product. For SO, removal, limestone is injected at the exit of the
combustor and results in the production of a flash calcined lime material (FCM) in the furnace.
Some of the SO, in the combustion flue gas is removed in furnace. The FCM is subsequently
used downstream in the SDA System, consisting of a spray dryer absorber and a pulse jet
baghouse supplied by B& W/Joy, where most of the SO; is removed to meet the emission
requirement.

2.2 Coal and Ash Characteristics

The coals to be fired in the HCCP Combustion System (shown in Table 2.1) are low sulfur, high
moisture, low heating value fuels from the nearby Usibelli Coal Mine. The three columns of
data represent the average composition of run-of-mine coal (ROM), waste coal, and performance
coal. ROM coal is run-of-mine coal, where care was taken in the mining operation to minimize
the amount of overburden and lenses included with the coal. Waste coal is not subject to this
selective separation process and hence has a lower heating value and a higher ash content.
Performance coal consists of a blend of 50 percent ROM and 50 percent waste coal. The actual
coals burned were representative of the long-term characteristics of the mine.

Stone & Webster Page 4
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Table 2.1

Coal and Ash Characteristics
(% by Weight, as received basis)

ROM Coal Waste Coal Performance Coal
Proximate Analysis
Moisture 26.35 23.87 25.11
Ash 8.20 25.00 16.60
Volatile 34.56 27.00 30.78
Fixed, Carbon 30.89 24.13 27.51
TOTAL 100.00 100.00 100.00
Ultimate Analysis
Moisture 26.35 23.87 25.11
Ash 8.20 25.00 16.60
Carbon 45.55 35.59 40.57
Hydrogen 345 2.70 3.07
Nitrogen 0.59 0.46 0.53
Sulfur 0.17 0.13 0.15
Oxygen 15.66 12.23 13.94
Chlorine 0.03 0.02 0.03
TOTAL 100.00 100.00 100.00
Elemental Ash Analysis 38.61 74.58 65.59
Silicon Dioxide 16.97 9.16 11.09
Aluminum Oxide 0.81 0.43 0.52
Titanium Dioxide 7.12 4.18 4.90
Ferric Oxide 23.75 6.32 10.62
Calcium Oxide 4.54 1.32 1.87
Potassium Oxide 1.02 1.21 1.16
Sodium Oxide 0.66 0.65 0.65
Sulfur Trioxide 5.07 1.36 2.28
Phosphorus Pentoxide 0.48 0.24 0.30
Strontium Oxide 0.23 0.07 0.11
Barium Oxide 0.44 0.15 0.22
Manganese Oxide 0.06 0.05 0.04
Undetermined 1.24 0.29 0.55
TOTAL, % 100.00 100.00 - 100.00
Stone & Webster Page 5
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2.3 HCCP Technology Description
2.3.1 General

The HCCP integrates a slagging, multi-staged coal combustor system with an innovative sorbent
injection/spray dryer absorber/baghouse exhaust gas scrubbing system. Twin 350 million Btwhr
combustors designed by TRW are used to supply hot gases to a conventional Foster Wheeler
bottom-fired boiler. The TRW combustors minimize NOx emissions, remove 80 to 90% of ash,
and provide a first stage SO, removal system. The final flue gas cleaning equipment was
supplied by B&W (formerly Joy Environmental Technologies Inc., of Houston, Texas)
consisting of a single atomizer spray dryer and a pulse jet baghouse.

2.3.2 SDA System

The FGD System at the HCCP consists of a SDA followed by a baghouse with attendant lime
preparation and other sub-systems. The System was supplied by Joy Environmental
Technologies Inc., which was subsequently acquired by B&W. A schematic diagram of the
SDA System is shown in Figure 2-1. Flue gas from the boiler with 10 to 20% of the fly ash and
flash calcined lime material (FCM) is passed through the SDA, where it is contacted with fine
droplets of recycled FCM slurry. The slurry is atomized and sprayed into the gas stream by a
rotary atomizer. The gas is cooled and SO, in the gas stream is reacted and removed by the
alkaline material in the slurry. The amount of slurry sprayed into the gas stream is controlled to
maintain the SDA exit gas temperature above the adiabatic saturation temperature. The gas is
then passed through a pulse-jet baghouse to remove the reaction products, unreacted FCM and
fly ash from the gas before it is discharged through the stack to the atmosphere. A portion of this
collected material is slurried and recycled to SDA and the rest is removed for disposal.

2.4  System Performance Test

The SDA System was installed and started up in the spring of 1998. It has been in operation
since startup and has performed well meeting and most of the time exceeding the SO, emission
performance requirements.

Although the SDA System had been in operation for more than a year, no formal performance
test had been done. A formal performance test program as required by Contract No. HCCP-007
between AIDEA and B&W/Joy and as generally described in the Demonstration Test Plan was
conducted between June 7 and June 11, 1999. Based on the test results it was concluded that the
system has met all the performance guarantees. A DOE Topical Report summarizing details of
the performance test program, test plan, test procedures, test methods, plant operational details
during the test, test results and a comparison of the actual system performance with performance
guarantees as per the Contract has already been issued in April 2000 (Reference 1).
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3.0 SYSTEM DEMONSTRATION TEST PROGRAM
3.1 General

The Demonstration Test Program was conducted between November 3 and November 15, 1999.
The objective of the program was to characterize the SDA system by investigating the effect of
various process parameters on system performance so that the data generated can be used to
design other systems with different coal characteristics and performance requirements. The
parameters to be studied include:

Sulfur level (coal sulfur content)

Unit load (gas flow/gas residence time)

Approach to saturation temperature (flue gas temperature at spray dryer exit).
Reagent ratio (calcium to sulfur dioxide or stoichiometric ratio).

Heat Activation of recycles solids

e @& o ¢ o

A conceptual plan and the proposed test described in a report titled, “HCCP Demonstration Test
Program,” prepared by SWEC and Steigers Corporation, dated July 1998, is summarized in
Table 3.1 (Reference 2). The details of the test program from the HCCP Demonstration Test
Program pertaining to the SDA System are included as Appendix A.

Table 3.1
HCCP SDA Technology Characterization Proposed Test Matrix
Inlet SO, Reagent Ratio | Approach to Recycle Recycle
Concentration (Ca/SO,) Saturation, °F Grind
Low 1.95 33 Design | No Supplemental Heat
Activation
1.75 18 With Supplemental Heat
Activation
Medium 1.95 33 Design No Supplemental Heat
Activation
1.75 18 With Supplemental Heat
Activation
High 1.95 33 Design | No Supplemental Heat
Activation
1.75 18 With Supplemental Heat
Activation

Stone & Webster Page 8
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Based on review of SWEC/Steigers Corporation Demonstration Test Program document and a
report titled, “Healy Clean Coal Project (HCCP) — Demonstration Test Program, Topical Report:
Combustion System Operation” by TRW, dated March 31, 2000 (Reference 3), the following test
program for the SDA system was developed. The basis and other details of the proposed
program are presented here.

3.2 Basis

3.2.1 Sulfur Level (Coal Sulfur Content)

The test plan requires that the tests be done at three different sulfur levels, i.e., low, medium, and
high. There is no mention of specific sulfur content associated with these qualitative “levels”. A
summary of the ROM coal, performance coal and the waste coal for average sulfur content,
SO,/MM Btu, coal flow rate, coal flow/MMBtu, calcium oxide introduced with ash per MMBtu
and per hour are summarized in Table 3.2.

Table 3.2
Summary of Average Sulfur Contents and SO, Emissions of
ROM, Performance and Waste Coals

No. Parameter ROM Perf. Coal Waste Coal

1 | Sulfur Content, % wt. 0.17 0.15 0.13

2 | HHV, Btw/lb 7,815 6,960 6,105
3 | Ash, % wt 8.2 16.6 25.00
4 | CaO in ash, % wt 23.75 10.62 6.32

5 | Coal Feed Rate, 1b/hr* 82,278 92,400 105,323
6 | Coal Feed, Ib/MMBtu 127.96 143.67 163.80
7 | Uncontrolled SO,, 1b./hr* 279.75 277.20 273.84
8 | Uncontrolled SO,, 0.435 0.431 0.426

Ib/MMBtu

9 | CaO in ash, 1b./hr* 1,601 1,626 1,665
10 | CaO in ash, Ib/MMBtu 2.49 2.53 2.59

* At Target Performance Heat Input Rate of 643 MMBtu/hr.

As can be seen from the table, the variation in the average sulfur content, the uncontrolied SO,
emission, both on an hourly and a MMBtu input basis are on the average very close to one
another for the three coals. The same is true for the CaO introduced with the ash. Therefore, it is
difficult to test at three levels of sulfur content as per the HCCP Demonstration Test Program
using the ROM coal, the waste coal, or a combination of the coal blends. One way to test at
different sulfur levels is to use coals with sufficiently different sulfur content, say a difference of
at least 0.2% or so. This approach was not possible given the remote location of the plant.
Therefore, the sulfur level was not deliberately varied and tested at pre-determined levels. It
varied due to variation of the coal composition and be at levels as determined by the sulfur
content of the feed coal to the plant during the tests.

Stone & Webster Page 9
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3.2.2 Unit Load (Gas Flow/Gas Residence Time) (Gas Residence Time)

This is not one of the parameters included in the original conceptual plan. However, because of
the significance of this parameter in SDA and baghouse performance with respect to SO,
removal, the effect of this parameter was investigated. This was done by performing the test at
two different unit loads, namely at approximately 40 MWe to 42 MWe and 50 MWe to 55 MWe,
which in turn resulted in different gas flow rates and attendant resident times in SDA vessel and
baghouse.

3.2.3 Approach to Saturation Temperature

This is an important process parameter that significantly influences system performance.
Because of the potential condensation with attendant bag blinding problem, two approaches to
saturation temperatures, 44°F and 34°F were chosen for testing instead of 34°F and 18°F as
originally proposed in the conceptual test plan. It is of interest to note that almost all commercial
SDA systems operate in the approach to temperature range of 35°F to 45°F to avoid
condensation and associated problems.

3.2.4 Reagent Ratio (Calcium to Sulfur Dioxide)

The conceptual plan requires that the system be characterized at two reagent ratios or limestone
feed rates. The limestone feed rates could not be varied over a wide range since the unit has to be
in compliance during the test period, which meant that the SO, emission cannot exceed 32 ppmv.
The limestone feed was varied from 700 Ib/hr to 1,350 Ib/hr depending on unit load to achieve as
wide a reagent ratio as possible.

3.2.5 Heat Activation of Recycle Solids

The reaction products collected in the baghouse and the spray dryer absorber vessel consists of a
large fraction of unreacted lime. The lime utilization can be significantly improved by recycling
a portion of the collected solids as being done in the HCCP SDA system. In fact the source of
solid of SDA feed slurry is the solids collected by the baghouse and removed from the SDA
vessel. The reagent utilization can be further improved by heating the recycle solids. The heat
activation improves slaking, i.e., conversion of unreacted calcium oxide in the recycle solids to
calcium hydroxide. This was done using steam heating the feed slurry. The normal temperature
of the feed slurry without steam heating was in the range of 100°F to 110°F. With steam heating,
this was increased to 145°F to 155°F.

33 Test Matrix

The test matrix and the actual sequence of testing that accommodates the test plan and minimizes
the transition period between tests are summarized in Tables 3.3 & 3.4.

Stone & Webster Page 10
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Table 3.3
Test Matrix
Test | Coal Sulfur Unit Load Heat Limestone Feed | Approach to
Content (Gas Flow | Activation Rate Saturation
Rate/Gas (Reagent Ratio) | Temperature
Residence (°F)
Time)

1 | As Available 50 No 1.75 45

2 No 1.75 35

3 No 1.75 45

4 No 1.75 35

5 Yes 1.75 45

6 Yes 1.75 35

7 Yes 1.95 45

8 Yes 1.95 35

9 | As Available 40 No 1.95 45
10 No 1.95 35
11 No 1.75 45
12 No 1.75 35
13 Yes 1.75 45

14 Yes 1.75 35
15 Yes 1.95 45
16 Yes 1.95 35

17 Repeat one of the above tests to confirm data reproducibility and validity

Stone & Webster Page 11
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- Table3.4
Test Sequence and Test Parameters

Unit Load Limestone Approach to Feed Slurry

Test No. Date (Gross, Feed Rate Satn. Temp. Temp.
MWe) (Ib/min) CF) P

1.1 04-Nov-99 42.1 17.1 44 111.2
1.2 04-Nov-99 424 16.9 44 154.6
1.3 04-Nov-99 423 17.0 34 154.8
1.4 06-Nov-99 42.0 17.2 34 102.1
2.1 07-Nov-99 57.7 22.2 34 109.6
2.2 07-Nov-99 56.4 223 34 147.6
23 08-Nov-99 58.0 22.2 44 151.2
24 08-Nov-99 57.9 223 44 102.6
3.1 10-Nov-99 58.1 173 34 104.1
3.1 A* 12-Nov-99 583 17.9 35 107.0
3.2 10-Nov-99 58.1 17.1 36 153.6
33 11-Nov-99 58.3 17.3 44 153.4
3.4 11-Nov-99 58.0 17.8 41 110.7
4.1 13-Nov-99 42.1 11.5 44 107.1
42 14-Nov-99 41.8 12.2 44 152.9
4.3 14-Nov-99 422 11.5 34 153.0
4.4 15-Nov-99 42.1 12.6 34 109.1

Note: Repeat of Test 3.1A. The tests were done two days apart to confirm data validity and
reproducibility.

The actual test date, start, finish and duration of each test and the time at which samples were
taken are summarized in Table 3.5. The samples taken at each sampling time indicated include:

Coal Feeder A and Feeder B

Limestone

SDA Feed Slurry

SDA Hopper Ash

SDA Surge Bin Ash

Air Heater Hopper Ash

Baghouse Hopper Ash (East and West Hoppers)

e & & & ¢ o o
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SDA SYSTEM

Table 3.5

Test and Sampling Details — Date, Time, Sampling Time and Test Duration

Test No. Date Time Start Finish Duration

1.1 Nov 3 1999 08:00 08:00

1.1 Nov 3 1999 12:00

1.1 Nov 3 1999 16:00 19:00 11:00
1.2 Nov 4 1999 08:00 08:00

1.2 Nov 4 1999 12:00

1.2 Nov 4 1999 16:00

1.2 Nov 4 1999 20:00 20:00 12:00
1.3 Nov 4 1999 00:00 21:00

1.3 Nov 5 1999 04:00

1.3 Nov 5 1999 08:00 09:00 12:00
1.4 Nov 5 1999 23:00 23:00

14 Nov 6 1999 02:00

14 Nov 6 1999 05:00 06:00 7:00
2.1 Nov 7 1999 02:00 00:00

2.1 Nov 7 1999 05:00

2.1 Nov 7 1999 08:00 06:00 6:00
2.2 Nov 7 1999 14:00 13:00

2.2 Nov 7 1999 17:00

22 Nov 7 1999 20:00

2.2 Nov 7 1999 23:00 23:00 10:00
2.3 Nov 8 1999 02:00 01:00

2.3 Nov 8 1999 05:00

23 Nov 8 1999 08:00 09:00 8:00
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24 Nov 8 1999 20:00 20:00

2.4 Nov 8 1999 23:00

24 Nov 9 1999 02:00 04:00 8:00
3.1 Nov 9 1999 17:00 16:00

3.1 Nov 9 1999 20:00

3.1 Nov 9 1999 23:00 01:00 9:00
3.2 Nov 10 1999 11:00 10:00

3.2 Nov 10 1999 14:00

32 Nov 10 1999 17:00 19:00 9:00
3.3 Nov 10 1999 23:00 21:00

33 Nov 11 1999 02:00

33 Nov 11 1999 05:00

33 Nov 11 1999 08:00 08:00 9:00
34 Nov 11 1999 17:00 15:00

34 Nov 11 1999 20:00

34 Nov 11 1999 23:00 23:00 8:00
3.1A Nov 12 1999 05:00 04:00

3.1A Nov 12 1999 08:00

3.1A Nov 12 1999 11:00 12:00 8:00
4.1 Nov 13 1999 02:00 01:00

4.1 Nov 13 1999 05:00

4.1 Nov 13 1999 08:00 10:00 9:00
472 Nov 13 1999 14:00 13:00

4.2 Nov 13 1999 17:00

42 Nov 13 1999 20:00

4.2 Nov 13 1999 23:00 24:00 11:00
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4.3 Nov 14 1999 02:00 02:00
43 Nov 14 1999 05:00
43 Nov 14 1999 08:00 10:00 8:00
44 Nov 14 1999 23:00 22:00
4.4 Nov 15 1999 02:00
4.4 Nov 15 1999 05:00 10:00 12:00
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4.0 TEST PROCEDURES AND TESTING
4.1 ; Test Parameters and Data Collection

The following unit operating parameters were taken from the plant DCS System: (I) Load, (ii)
Steam Flow, (iii) Throttle Pressure, (iv) Main Steam Temperature, (v) Coal Flow Rate-Feeder A,
(vi) Coal Flow Rate-Feeder B, (vii) Total Coal Flow-Feeder A, (viii) Total Coal Flow-Feeder B,
(ix) Limestone Flow Rate, (x) Total Limestone Flow, (xi) Feeder Load Cell (% Reading), (xii)
Oxygen Content of Flue Gas at CEMS, (xiii) Oxygen Content of Flue Gas at Boiler Outlet, (xiv)
Flue Gas Temperature at Stack, (xv) SDA Inlet SO,, (xvi) SDA Inlet Pressure, (xvii) SDA Inlet
Temperature, (xviii) SDA Outlet Temperature, (xix) Baghouse Differential Pressure, (xx)
Induced Draft Fan Inlet Pressure, (xxi) Baghouse Outlet Temperature, (xxii) ID Fan Discharge
Temperature, (xxiii) Stack SO,, (xxiv) Stack SO, One-Hour Average, (xxv) Stack NO, One-
Hour Average, (xxvi) Stack CO,, (xxvii) Stack Opacity, (xxviii) Atomizer Feed Slurry
Temperature, (xxix) Atomizer Feed Slurry Density, (xxx) Atomizer Feed Slurry Flow, (xxx1)
SDA Differential Pressure, and (xxxii) Atomizer Power.

Details pertaining to the above and other test parameters are summarized in the following tables.
Comments pertaining to each parameter are also included.

Table 4.1
Data Collection — Test Parameters

No. | Test Parameter/ Test Method/ Comments
Variable Instrumentation

1 | SO, Concentration | Plant Instrumentation | SO, concentration at SDA inlet is
at SDA System measured using existing plant
Inlet instrumentation by the plant DCS system

on a continuous basis.

2 | SO, Concentration | N/A SO, concentration at system outlet is
at SDA System measured in the stack by the Continuous
Outlet, i.¢., Stack Emission Monitoring System (CEMS) and

the SDA system removal efficiency is
calculated from the inlet and outlet
concentrations using appropriate
corrections for temperature difference,
oxygen content, moisture content between
the inlet and exit flue gas.
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No. | Test Parameter/ Test Method/ Comments
Variable Instrumentation

3 | Opacity at SDA Plant Opacity Monitor | Though not required by the test protocol
System Outlet, i.e., the opacity reading of the opacity meter at
Stack CEMS location in the stack is recorded

and checked periodically for compliance
during the test program.

4 | Plant Gross Power | Plant DCS Hourly readings from plant DCS were
Output recorded and average value of these

hourly readings during the test period
were used.

5 | Coal Feed Rate Plant DCS Hourly readings for both Feeder A and
Feeder B were taken from the plant DCS
and average values for these hourly
readings during the test period were used
to calculate the total coal feed rate to the
boiler.

6 | Limestone Feed Plant DCS. Limestone | Hourly readings from plant DCS were

Rate feeder weigh cell recorded and average value of these
(2ZLH-F27) and flow hourly readings during the test period was
totalizer. used.

7 | Flue Gas Plant DCS. Hourly readings from plant DCS were
Temperature at recorded and average value of these
SDA Inlet hourly readings during the test period was

used.

8 }Flue Gas Plant DCS. Hourly readings from plant DCS were
Temperature at recorded and average value of these
SDA Outlet hourly readings during the test period was
(Baghouse Inlet) used.

9 | Flue Gas Plant DCS. Hourly readings from plant DCS were
Temperature at recorded and average value of these
Baghouse Outlet hourly readings during the test period was
(Stack Inlet) used.

10 | Adiabatic Wet bulb temperature | Manual readings were taken
Saturation measurement using approximately every 30 minutes. The
Temperature of specifically designed | adiabatic saturation temperature remained
Flue Gas measuring device. remarkably constant throughout the test

period, at approximately 136°F. This was
confirmed by repeated measurements.
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No. | Test Parameter/ Test Method/ Comments
Variable Instrumentation
11 | SDA Feed Slurry | Plant DCS. Hourly readings from plant DCS were
Flow Rate recorded. Average calculated from these
hourly readings during the test period
were used.
12 | SDA Feed Slurry | Plant DCS. Hourly readings from plant DCS were
Solids Content recorded. Average calculated from these
hourly readings during the test period
were used.
13 | SDA Feed Slurry | Plant DCS. Hourly readings from plant DCS were
Temperature recorded. Average calculated from these
hourly readings during the test period
were used.
14 | Atomizer Power Plant DCS. Hourly readings from plant DCS were
Consumption recorded.
15 | Coal Samples Grab samples from Sampling Frequency: Every hour.
Feeder A and Sample Size: Minimum 2 Ib (each
Feeder B sample).
Sampling Location: Coal belt feeder
discharge (from Feeder A and Feeder B).
Other: Samples are collected in plastic
bags, properly identified and sealed
immediately after sampling and stored
indoors at room condition for future
analysis
4.2  Test Samples
4.2.1 Samples and Sample Analysis

The following table summarizes the number of samples, the sample details, and the analysis to
be performed on each sample for the Demonstration Test Program.

Stone & Webster
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Table 4.2
Samples, Sampling Frequency/Size and Sample Analysis
No. | Sample Frequency/Size | Location Type of Analysis
1 | Coal 4 hours during | Coal Feeder A & B | Ultimate, Proximate, Heating
the test/2-3 1b Value, Ash Analysis
2 | Limestone |4 hours during | Limestone Feeder Sieve analysis (upped 325
the test/2-3 1b Discharge mesh), Ca, Mg, CO; and Inerts
3 | SDAFeed |4 hoursduring | SDA Feed Pump Solids Content, CaO, CaCOs;,
Slurry the test/1-2 litre | Discharge at SDA MgO, MgCO;, CaS05.1/2H20,
Feed Inlet CaS04.2H,0 and Acid Insolubles
4 | SDA 4 hours during | Hopper Discharge CaO, CaCOs, MgO, MgCO;,
Hopper the test/2-3 1b CaS0;.1/2H,0, CaS04.2H,0 and
Ash Acid Insolubles
5 |SurgeBin |4 hoursduring | Ash Discharge at Ca0, CaCO;, MgO, MgCOs,
Ash the test/2-3 1b Surge Bin inlet CaS0;.1/2H,0, CaS04.2H,0 and
Sample Acid Insolubles
6 | Air Pre- 4 hours during | Hopper Discharge Ca0, CaCO3, MgO, MgCOs,
Heater the test/2-3 b CaS0s.1/2H,0, CaS04.2H,0 and
Hopper Acid Insolubles
Ash
7 | Bag House | 4 hours during | Hopper Discharge Ca0, CaCO3, MgO, MgCO;,
Hopper the test/2-3 1b CaS05.1/2H,0, CaS04.2H,0 and
Ash Acid Insolubles
(Composite
sample
from all
hoppers)

4.2.2 Procedures for Preparing Samples for Shipment to Laboratories

Samples were sent to external laboratories for anlysis. Procedure followed for preparing the
samples for storage and shipments are as follows:

Coal:

o Take coal sample from Feeder A discharge.

* Take two 1-1b. samples from the bag. Pack each sample in separate zip-lock bag and
mark each with date, time and the feeder designation (Feeder A) for shipping to labs for
analysis. Weigh the sample bag (need only approximate weight). Keep the rest of the
Feeder A sample and store it for future use and reference.

¢ At the end of the above procedure, there will be three (two 1 Ib. and the original) Feeder

A samples.
*  Seal the top of zip-lock bag with duct tape or masking tape so that there is no spill during
shipment.
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4.3

Repeat the same procedure for sample from Feeder B corresponding to the same day and
time.

Repeat the same procedure for all other samples.

Limestone

[

Take limestone sample from limestone feeder discharge.

Take approximately half of the sample collected in a separate zip-lock bag. Mark the
date, time and any other detail on the bag with a permanent marker. Weigh the sample
bag (need only approximate weight).

Seal the top of zip-lock bag with duct tape or masking tape so that there is no spill during
shipment.

SDA Feed Slurry

Take SDA feed slurry sample from SDA feed pump discharge.

Shake the container vigorously to mix the sample. Please make sure that there is no
settled solid the bottom and all the settled solids are mixed well and are in suspension.
Quickly transfer approximately half of the sample collected to another plastic container.
Mark the container with date, time and other details with a permanent marker time.
Weigh the sample container (need only approximate weight). Please wrap using duct tape
or use other means to seal the lid, so that there will be no leak during shipment.

Air Pre-Heater (APH ) Ash Hopper Sample

Take APH ash hopper sample from hopper discharge.

Take approximately half of the sample collected in a separate zip-lock bag. Mark the
date, time and any other detail on the bag with a permanent marker. Wei gh the sample
bag (need only approximate weight).

Seal the top of zip-lock bag with duct tape or masking tape so that there is no spill during
shipment.

Surge Bin Ash Sample:

*

Take surge bin ash sample from ash discharge at surge bin inlet.

Take approximately half of the sample collected in a separate zip-lock bag. Mark the
date, time and any other detail on the bag with a permanent marker. Weigh the sample
bag (need only approximate weight).

Seal the top of zip-lock bag with duct tape or masking tape so that there is no spill during
shipment.

Operation and Observations

The testing was started on November 3 and completed on November 15, 1999, The tests were
conducted on a twenty-four hour per day and seven-day per week basis. Throughout the test
program, the SWEC representatives inspected all testing activities as the tests were in progress
including spot checking the meter readings being recorded by test crew and initialing them as
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appropriate. Some general and specific observations and comments on plant and SDA system
operation during the test period are as follows:

e The HCCP is a mine-mouthed power plant with a very limited coal storage capacity at the
plant site. Coal is used as mined and consequently the coal characteristics are difficult to
control or modify.

¢ Al pertinent parameters directly related to SO, emission, such as, uncontrolled SO,
emission, limestone feed rate and flue gas temperature at SDA inlet were within the
minimum and maximum ranges of the Contract.

e Heat input to the boiler was less than the Contract range for the full load condition. This
parameter depends on coal characteristics and boiler operating requirement/condition during
the tests and hence is difficult to control or modify.
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5.0 RESULTS AND DISCUSSION
5.1  General
Details of the data collected for all the seventeen tests are summarized in Appendix B. Analyses

of coal, limestone, and various slurry and ash samples collected during the tests are summarized
in the appendices as follows:

e Coal - Appendix C
e Ash - Appendix D
e Limestone - Appendix E
e Particle Size Distribution - Appendix F
e SDA Feed Slurry - Appendix G
e SDA Ash - Appendix H
e Surge Bin Ash - Appendix I
e Air Heater Hopper Ash - Appendix J
e Bag house Hopper Ash (East and West) -

Appendix K
5.2  Effect of Unit Load (Gas Flow Rate/Gas Residence Time)

The effect of unit load on SDA system performance is summarized in Table 5.1 and shown in
Figure 5.1 for a Ca/SO, reagent ratio of 1.8 and in Figure 5.2 for a reagent ratio of 1.3. The
operational parameter details are summarized in Table 5.2 for both reagent ratios.
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Table 5.1
Effect of Unit Load (Gas Flow Rate/Gas Residence Time) on SDA System Performance
Lime-
Gross Gas Stone Approach | Slurry SDA Stack |Removal| Diff.
Load | Residence | Feed Ca/SO, to Temp | Inlet SO, | SO, Eff. In
Test| (Mwe) Time Rate Ratio Satn. CF) (ppm) |[(ppm)| (%) Eff.
No. (Seconds) | (Ib/min) P (%)

High Stoichiometric Ratio; Approach to Saturation 42°F; No Heat Activation
1.1 17.1
24 223

15.5 86.3
36.1 69.6 16.7

High Approach to Saturation 42°F; H

1.2 16.9 . 7.0 93.1

23 . 222 22.7 80.4 12.8
High Stoichiometric Ratio; Approach to Saturation 32°F; No heat Activation

14 17.2 6.4 94.6

2.1 222 20.7 83.1 115
High Approach to Saturation 32°F; Heat Activation

1.3 : 17.0 0.7 99.3

22 | 223 4.9 96.0 33
Low Stoichiometric Ratio; Approach to Saturatio

4.1 11.5 31.6 73.8

34 17.8 . 34.0 74.4 0.6
Low Stoichiometric Ratio; Approach to Saturation 42°F; Heat Activation

42 - 122 . 293 78.3

33 . 173 14 | . 1317 269 79.6 1.3
Low pproach to Saturati ‘

4.4 . . 126 14 | . 1312 9.1 93.1

3.1 58.1 17.3 1.4 118.0 7.5 93.7

3.1 583 17.9 1.3 125.1 8.8 93.0 0.4*

A
Low Stoichiom Approach to Saturation 32 °F; H ation

43 | 422 . 115 1.4 134.6 22 98.4

32 581 17.1 1.2 129.3 4.7 96.4 2.0

Note: Shaded areas show change in process parameters.
* Difference in removal efficiency between the average of Tests 3.1 & 3.1A and Test 4.4
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Table 5.2 Operational Parameter Details - Effect of Unit Load (Gas Flow Rate) on SDA System Performance

Diff. In
TestNo. Date GrossLoad Coal Feed Coal Feed Limestone SDA SDA BH SDA/BH Adiabatic Approach Slury Slurry Slurry SDA  Stack Diff. In Removal Removal
Feeder A FeederB Feed Inlet Temp Exit Temp Exit Temp Ave Temp Satn. Temp to Satn. Temp Solids Flow InletSO2 S02 S02 Eff. Eff.
(MWe)  (x10° Ib/hr) (x10° Ib/hr)  (Ib/min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (Wt%) (GPM) (ppm) (ppm) (ppm) (%) (%)
180.2 176.4 178.3 136.0 423 420 313 112.8 155 973 86.3
180.1 176.4 178.3 136.0 417 411 119.0 36.1 829 69.6 16.7
180.3 176.2 178.2 136.0 421 323 101.7 70 947 93.1
180.2 176.0 178.1 136.0 414 422 1158 227 93.0 80.4 12.8
169.6 166.6 168.1 136.0 419 359 118.8 6.4 1123 94.6
169.7 166.0 167.9 136.0 417 441 1224 207 1017 83.1 11.5
170.0 165.9 168.0 136.0 420 359 101.9 0.7 1011 99.3
170.1 166.9 168.5 136.0 325 1476 419 455 123.2 49 1183 96.0 33
179.5 175.3 177.4 136.0 41.4 107.1 418 356 1205 316 889 73.8
177.0 172.8 174.9 136.0 | 420 4286 1328 340 9838 74.4 06
179.5 174.8 1771 136.0 414 36.3 1349 293 1056 78.3
180.0 176.1 178.0 136.0 420 425 1317 269 10438 79.6 1.3
169.9 166.0 168.0 136.0 420 4438 118.0 75 1105 93.7
170.6 166.0 168.3 136.0 420 451 1251 8.8 1163 93.0
170.4 165.6 168.0 136.0 417 36.9 131.2 9.1 1221 93.1 0.3*
171.9 167.8 169.9 136.0 405 469 129.3 47 12486 96.4
169.7 165.6 167.6 136.0 31.6 153.0 421 402 134.6 22 1324 98.4 2.0

Note:

Shaded areas show change in process parameters
* Difference in the removal efficiency between the average of Tests 3.1 & 3.1A and Test 4.4
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The residence time for flue gas in the SDA vessel was estimated based on gas flow rate and the
total vessel volume. It ranged from approximately 8 seconds at low load to 12 seconds at full
load conditions. The effect of residence time depends on the reagent ratio at which the system is
operated. The details are discussed in the following paragraphs.

As can be seen, increasing the gas residence time, at higher Ca/SO; ratio tends to improve the
system performance and increase SO, removal efficiency, under all operating conditions, i.e., at
different approach temperatures, and with and without heat activation. The improvement ranged
from 3.3% to 16.7% (Tests 1.3 & 2.2 and 1.1 & 2.4). However, the difference tends to decrease
and becomes negligible or indistinguishable (within experimental uncertainties) when the
Ca/S0; ratio is decreased. For example, at an approach temperature of 42°F, without heat
activation, the difference in the removal efficiency was 16.7% for a Ca/SO; ratio of 1.8 (Tests
1.1 & 2.4) and less than 1% at a Ca/SO; ratio of approximately 1.3 (Tests 3.3 & 4.2). At lower
Ca/SO; conditions, it appears that the rate limiting parameter is the availability (lack there of) of
- reagent than the reaction rate or the residence time available.

At higher Ca/SO; ratios, the removal efficiency is more sensitive to residence time at higher
approach temperature than at lower approach temperature. For example, the difference was
16.7% at an approach temperature of 42°F (Tests 1.1 and 2.1) and only 11.5% at an approach
temperature of 32°F (Tests 1.4 and 2.3), with no heat activation. A similar trend was observed
with heat activation. The corresponding values were 12.7% (Tests 1.2 and 2.3) and 3.3% (Tests
1.3 and 2.2). This is to be expected since at higher approach temperature, SO, removal is
generally inhibited and any increase in residence time that helps removal, would have a greater
impact than at lower approach temperature, the condition at which SO, removal is generally
favored.

5.3  Effect of Approach to Saturation Temperature
The effect of approach to saturation temperature on SDA system performance is summarized in

Table 5.3, the operational parameter details is summarized in Table 5.4, the effect of approach to
saturation temperature on removal efficiency is given in Figures 5.3 and 5.4.
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Table 5.3
Effect of Approach to Saturation Temperature on SDA System Performance
Lime-
Gross Gas Stone Approach | Slurry SDA Stack |Removal| Diff.
Load |Residence; Feed | Ca/SO, to Temp | Inlet SO, SO, Eff. In
Test | (Mwe) Time Rate Ratio Satn. CF) (ppm) (ppm) (%) Eff.
No. (Seconds) | (Ib/min) CH (%)
Low Load; High Stoichiometric Ratio; No Heat Activation
1.4 42.0 11.9 17.2 1.7 32.1 118.8 6.4 94.6
1.1 42.1 11.9 17.1 1.7 423 112.8 15.5 86.3 83
Low Load; High Stoichiometric Ratio; Heat Activation
1.3 423 11.8 17.0 1.9 101.9 0.7 993
1.2 424 11.8 101.7 7.0 93.1 6.1
Low Load; Low Stoichiometric Ratio; No Heat Activation
4.4 42.1 11.9 131.2 9.1 93.1
4.1 42.1 11.9 11.5 1.2 120.5 31.6 73.8 19.3
Low Load; Low Stoichiometric Ratio; Heat Activatio
43 422 11.8 11.5 14 | 3 134.6 2.2 98.4
12.0 12.2 1.2 1349 29.3 78.3 20.1
High Load; High Stoichiometric Ratio; No Heat Activation
. 8.7 222 1.7 1224 20.7 83.1
24 57.9 8.6 22.3 1.8 119.0 36.1 69.6 13.5
High Load; High Stoichiometric Ratio; Heat A
2.2 56.4 8.9 22.3 1.8 123.2 4.9 96.0
23 58.0 8.6 115.8 227 80.4 15.6
High Load; Low Stoichiometric Ratio;
3.1 58.1 8.6 104.1 118.0 7.5 93.7
31A} 583 8.6 17.9 . 107.0 125.1 8.8 93.0
34 58.0 8.6 17.8 13 132.8 34.0 74.4 19.0*
High Load; Low Stoichiometric Ratio; Heat Activation
32 58.1 8.6 17.1 1.2 129.3 4.7 96.4
33 58.3 8.6 17.3 14 131.7 269 79.6 16.8

Note: Shaded areas show change in process parameters.
* Difference in removal efficiency between the average of Tests 3.1 & 3.1A and Test 3.4
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Table 5.4 Operational Parameter Details - Effect of Approach to Saturation Temperature on SDA System Performance

Power SDA
Test No. Date Output Resid. Coal Feed Coal Feed Limestone Inlet Exit Exit Ave.
Gross Time Feeder A FeederB Feed Ca/S02 Temp. Temp. Temp. Temp.
(MWe) (Sec) (x1 0° Ib/hr) (x10° Ib/hr) (Ib/min) °F) (°F) (P (°F)
.ow Load; High Stoichiometric Rat jeat Activatic
1.4 06-Nov-99 420 119 36.0 35.9 17.2 17 2714 1696 166.6 168.1
1.1  04-Nov-99 421 119 36.5 36.5 17.1 1.7 268.8 180.2 1764 178.3
W - " ic Ratio: Activation
1.3 04-Nov-99 423 118 326 32.6 17.0 1.9 267.3 170.0 1659 168.0
1.2 04-Nov-99 424 1138 30.8 33.1 2678 1803 176.2 178.2
44  15-Nov-98 421 119 34.9 32.9 2749 1704 1656 168.0
4.1 13-Nov-99 421 118 36.1 34.1 11.5 12 2813 1795 1753 1774
36.1 115 12 2789 169.7 1656 167.6
2778 1795 1748 1771
2711 169.7 166.0 167.9
2748 180.1 1764 1783
271.2 1701 166.9 168.5
. 2724 180.2 176.0 1781
il Load; Low Stoichiometric Ra ) He
3.1 10-Nov-89 58.1 8.6 452 2721 1699 166.0 168.0
3.1A 12-Nov-99 58.3 8.6 47.9 . 2732 1706 166.0 168.3
34 11-Nov-99 58.0 8.6 48.7 46.8 17.8 13 2734 177.0 1728 1749
_Full Load; L.ow Stoichiometric Ratio; Heat Activation
3.2 10-Nov-89 58.1 8.6 45.3 43.5 17.1 14 2705 1719 1678 169.9
3.3 11-Nov-99 583 8.6 46.1 44 1 17.3 14 2718 180.0 1761 178.0

Note:
Shaded areas show change in process parameters
* Difference in the removal efficiency between the average of Tests 3.1 & 3.1A and Test 3.4

SDA BH SDA/BH Adiabatic Approach
to Slury  Slurry Slurry
Satn.

(°F)

Satn.

Temp.

CF)
136.0
136.0

136.0
136.0

136.0
136.0

136.0

- 136.0

136.0
136.0

136.0
136.0

136.0
136.0
136.0

136.0
136.0

()

41.9
42.0

42.0
42.1

41.7
41.8

42.1
414

41.7
4.7

41.9
41.4

42.0
42.0
42.0

40.5
42.0

Temp Solids
(Wt.%)

Flow
(GPM)

35.9
31.3

35.9
32.3

36.9
35.6

40.2
36.3

441
411

45.5
42.2

448
45.1
42.6

46.9
42.5

SDA
Inlet
S02

(ppm)

118.8
112.8

101.9
101.7

131.2
120.5

134.6
134.9

122.4
119.0

123.2
115.8

118.0
125.1
132.8

129.3
131.7

Diff. In
Stack Diff. In Removal Removal
S02 802 Eff. Eff.
(ppm) (ppm) (%) (%)

64 1123 94.6

155 97.3 86.3 8.3
0.7 1011 99.3
70 947 93.1 6.1
9.1 1221 93.1

316 889 73.8 19.3
2.2 1324 98.4

29.3 1056 78.3 20.1
20.7 1017 83.1 |
36.1 829 69.6 13.5
49 1183 96.0

22.7 93.0 80.4 15.6
75 1105 93.7
8.8 1163 93.0

340 98.8 74.4 19.0*
47 1246 96.4

26.9 104.8 79.6 16.8




Figure 5.3: Effect of Approach to Saturation Temperature on Removal Efficiency
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Figure 5.4: Effect of Approach to Saturation Temperature on Removal Efficiency
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Approach to saturation temperature or hereafter referred to as approach temperature, was
calculat

because this average truly reflects the removal temperature effect occurring in the baghouse.
Two ranges of approach temperature were investigated: 41°F to 43°F and 31°F to 33°F. The
adiabatic saturation temperature remained remarkably constant at approximately 136°F
throughout the test period.

As can be seen under all operating conditions, Le., different loads, different Ca/S0; ratios, and
with and without heat activation, SO, removal tends to increase with decrease in the approach
temperature. The improvement ranged from 13.5% to 18.6% at full load condition (Tests 2.1 &
2.4 and (Tests 3.1 & 3.4) and 6.1% t0 20.1% at low load conditions (Tests 1.2 & 1.3and 4.2 &
4.3). Even at the most favorable operating conditions with Tespect to other parameters, such as at
low load, at high Ca/S0;, stoichiometric ratio and with heat activation, a decrease in the approach
temperature from 42.2°F to 32°F (decrease of 10.2°F increased the removal efficiency from
93.1% 10 99.3% or by 6.1% (Tests 1.2 and 1.3). For comparison at the least favorable conditions
relative to other parameters, i.e., high load, low Ca/S0,; stoichiometric ratio and with no heat
activation, the effect was as might be expected much more significant. The removal efficiency
increased from 79.6% to 96.4% or by 16.8%, when the approach temperature was decreased
from 42°F to 33.9°F (a decrease of only 8.1°F).

The results suggest that approach to saturation is the most significant process parameter that
determines SDA performance with respect SO, removal.

5S4  Effect of Reagent Ratio

The Ca/SO, ratio was calculated based on coal feed rate, limestone feed rate, coal sulfur content
(appendix C) and limestone analysis and purity (Appendix D). The Ca/S0, ratio does not
include calcium oxide from coal ash.
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available test duration, a maximum of 18 hours was allowed between the tests to reach steady
state conditions between tests. Some of anomalies observed in the test results as discussed below
in detail are perhaps due to the uncertainty of reaching the steady state operating conditions.
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Table 5.5
Effect Ca/SO; Stoichiometric Ratio on SDA System Performance
Lime-
Gross Gas Stone Approach | Slarry SDA Stack |Removal| Diff,
Load |Residence| Feed Ca/S0, to Temp | Inlet SO, SO, EfT. In
Test | Mwe) | Time Rate Ratio Satn. CF) (ppm) {(ppm) (%) Eff.
No. (Seconds) | (Ib/min) CF) (%)
Low Load; Approach to Saturation 42 F; No Heat Activation
4.1 42.1 11.9 11.5 1.2 414 120.5 316 73.8
1.1 42.1 11.9 17.1 1.7 423 112.8 15.5 86.3 12.5
Low Load; Approach to Saturation 42 F; Heat Activation
42 | 418 12.0 122 1.2 41.1 | 134.9 293 783
1.2 | 424 11.8 16.9 1.9 101.7 7.0 93.1 14.9
Low Load; Approach to Saturation 32 F; No heat Activation
44 | 421 11.9 12.6 1.4 131.2 9.1 93.1
14 | 420 11.9 17.2 1.7 32.1 118.8 6.4 94.6 1.5
Low Load; Approach to Saturation 32 F; Heat Activation
1.5 14 [ 316 | 134.6 22 98.4
17.0 1.9 101.9 0.7 99.3 0.9
aturation 40 F; No Heat Activation
17.8 1.3 132.8 34.0 744
. 223 1.8 119.0 36.1 69.6 4.8
High Load; Approach to Saturation 42 F; Heat Activation
33 | 583 8.6 173 14 131.7 26.9 79.6
23 | 58.0 8.6 222 1.8 115.8 22.7 80.4 0.8
High Load; Approach to Saturation 32 F; No Hea
3.1 58.1 8.6 17.3 1.4 118.0 7.5 93.7
3.1A} 583 8.6 17.9 1.3 323 125.1 8.8 93.0
2.1 57.7 8.7 222 1.7 319 122.4 20.7 83.1 10.3*
High Load; Approach to Saturation 32 F; Heat Activation
32 | 581 8.6 17.1 1.2 339 129.3 4.7 96.4
22 | 564 8.9 22.3 1.8 325 123.2 4.9 96.0 04

Note: Shaded areas show change in process parameters.
* Difference in removal efficiency between the average of Tests 3.1 & 3.1A and Test 2.1
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Table 5.6 Operational Parameter Details - Effect of Reagent Ratio (Ca/SO,) on SDA System Performance

Power SDA SDA BH SDA/BH Adiabatic Approach SDA Diff. In
Test No. Date Output Resid. Coal Feed Coal Feed Limestone Inlet Exit Exit Ave. Satn. to Siury Slurry Slurry Inlet Stack Diff. in Removal Removal

Gross Time Feeder A FeederB Feed Ca/SO2 Temp. Temp. Temp. Temp. Temp. Satn. Temp Solids Flow SQ2 §02 $02 Eff. Eff.

(MWe) (Sec)  x10°ib/hr x10° Ib/hr  (Ib/min) P (°F) P () P °F) CF)  (Wt%) (GPM) (ppm)  (ppm)  (ppm) (%) (%)

e LQad; Approach RLUITI 42 I7: NO riea IvatiQ
4.1 13-Nov-99 42.1 11.9 36.1 34.1 11.5 281.3 179.5 175.3 177.4 136.0 41.4 107.1 41.8 356 120.5 31.6 88.9 73.8
1.1 04-Nov-99 421 11.9 36.5 36.5 17.1 268.8 180.2 176.4 178.3 136.0 42.0 31.3 112.8 15.5 97.3 86.3 12.5
Ow Load; Approach daturtion 43 F: Heat Activati
4.2 14-Nov-99 41.8 12.0 36.3 34.3 12.2 277.8 179.5 174.8 177.1 136.0 414 36.3 134.9 29.3 105.6 78.3
1.2 04-Nov-99 42 .4 11.8 30.8 33.1 16.9 267.8 180.3 176.2 178.2 136.0 42.1 32.3 101.7 7.0 947 83.1 14.9
ow L.oad: Approach to Saturtion 32 F ; N gat Activati
4.4 15-Nov-99 42.1 11.9 34.9 32.9 12.6 274.9 170.4 165.6 168.0 136.0 417 36.9 131.2 9.1 122.1 93.1
1.4 06-Nov-99 42.0 11.9 36.0 35.9 17.2 271.4 169.6 166.6 168.1 136.0 41.9 35.9 118.8 6.4 112.3 94.6 1.5
0w L.oad; Approach to Saturti 2 F;: Heat Activatic
43 14-Nov-99 11.8 36.1 34.0 11.5 278.9 169.7 165.6 167.6 136.0 421 40.2 1346 2.2 132.4 98.4
1.3 04-Nov-99 326 17.0 267.3 170.0 165.9 168.0 136.0 42.0 35.9 101.9 0.7 101.1 99.3 0.9
dil Load; Approach gatl A
34 11-Nov-99 8.6 48.7 46.8 17.8 2734 177.0 172.8 174.9 136.0 42.0 426 132.8 34.0 98.8 74.4
2.4 08-Nov-99 57.9 8.6 452 44.2 22.3 274.8 180.1 176.4 178.3 136.0 417 41.1 119.0 36.1 82.9 69.6 4.8
33 11-Nov-89 58.3 8.6 46.1 44 .1 17.3 271.8 180.0 176.1 178.0 136.0 42.0 42.5 131.7 26.9 104.8 79.6
2.3 08-Nov-99 58.0 8.6 46.4 44 8 222 272.4 180.2 176.0 178.1 - 136.0 414 422 115.8 22.7 93.0 804 0.8
1l Load: Approach to Saturti e Im s NO real AL atiol
3.1 10-Nov-99 58.1 8.6 452 442 17.3 272.1 169.9 166.0 168.0 136.0 42.0 44.8 118.0 7.5 110.5 93.7
3.1A 12-Nov-99 58.3 8.6 47.9 45.8 17.9 2732 170.6 166.0 168.3 136.0 42.0 451 125.1 8.8 116.3 83.0
45.3 222 271.1 169.7 166.0 167.9 136.0 417 44.1 122.4 207 101.7 83.1 10.3*
. . 43.5 17.1 270.5 171.9 167.8 169.9 136.0 : 40.5 46.9 129.3 47 124.6 96.4
2.2 07-Nov-99 56.4 8.9 46.1 427 22.3 271.2 170.1 166.9 168.5 136.0 325 147.6 41.9 455 123.2 4.9 118.3 96.0 04

Note:

Shaded areas show change in process parameters
* Difference in the removal efficiency between the average of Tests 3.1 & 3.1A and Test 2.1



Figure 5.5: Effect of Reagent Ratio (Ca/S0,;) on Removal Efficiency
(Low Unit Load)
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Figure 5.6: Effect of Reagent Ratio (Ca/SO,) on Removal Efficiency
(High Unit Load)
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As can be seen at low load conditions under all operating conditions, i.e., at different approach
temperatures, and with and without heat activation, SO, removal tends to increase with increase
in Ca/SO; stoichiometric ratio. The improvement ranged from 0.9% to 14.9% (Tests 1.3 & 4.3
and Tests 1.2 & 4.2) depending on other parameters. For example, the improvement was 12.5%
Tests 1.1 & 4.1) at the approach temperature range of 43°F with no heat activation, and 14.9%
with heat activation (Tests 1.2 and 4.2). The improvement tends to decrease at lower approach to
saturation temperature. This observation once again underscores the significance of approach
temperature in determining the SDA performance. At an approach temperature range of 32°F,
the improvement was only 1.5 with no heat activation % (Tests 1.4 and 4.4) and 0.9% activation
with heat activation (Tests 1.3 and 4.3).

1%) with heat activation. For example, the improvement was 0.8% at an approach temperature of

because of effect of other more significant process parameters, which tend to vary within a range
during the experiments. For example, for Tests 2.4 and 3.4, the approach temperature difference
was approximately 3°F. Since the approach temperature has more effect on SO, removal, this
lower temperature during test 3.4 resulted in higher removal efficiency despite a lower Ca/S0,

conditions at full load.
3.5  Effect of Heat Activation of Feed Shurry

At the HCCP, limestone is injected into the exit of the combustor. It is flash calcined to calcium
oxide in the furnace and collected with flyash in the baghouse. The calcium oxide collected with
ash is mixed with water in the SDA feed slurry tank and fed to the absorber. Conversion of quick
lime or CaO to slaked lime or hydrated lime [Ca (OH),] occurs in the SDA feed tank. In other
words the SDA feed tank and attendant verti-mill functions as the lime slaker. It is a well-known
phenomenon, slaking efficiency or conversion of quick lime to hydrated lime increases with
increase in slaking temperature. Increasing the feed slurry temperature by external steam heating
essentially increases the slaking temperature and hence the conversion of quick lime to useable
hydrated lime in the feed slurry.

The temperature of feed slurry at normal operating conditions without any external heat was in
the range of 100°F. To study the effect of heat activation or increasing the slaking temperature,
the feed slurry was steam heated to approximately 150°F. Based on feed tank volume, it was
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estimated that a minimum of 2 hours was required for one complete change over of slurry
volume. Approximately 6 hours were allowed between tests to ensure complete change over and
steady state conditions. The results confirm that the time allowed was sufficient for the system to
reach the steady state condition with respect to feed slurry or slaking temperature.

Table 5.8, and the effect of heat activation on feed slurry on removal efficiency is shown in
Figures 5.7 and 5.8.
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Table 5.7
Effect Heat Activation of Feed Slurry on SDA System Performance
Lime-
Gross Gas Stone Approach | Slurry SDA Stack Removal| Diff,
Load | Residence | Feed Ca/S0, to Temp | Inlet SO, SO, Eff. in
Test | (MWe)| Time Rate Ratio Satn. CF) (ppm) | (ppm) | (%) Eff.
No. (Seconds) | (Ib/min) CF) (%)
Low Load; Approach to Saturation 42°F; Low Stoichiometric Ratio
4.1 | 421 11.9 11.5 | 1205 31.6 73.8
42 | 418 12.0 12.2 1349 29.3 78.3 4.5
Low Load; Approach to Saturation 42°F
L1 | 421 11.9 171§ 112.8 15.5 86.3
1.2 | 424 11.8 16.9 101.7 7.0 93.1 6.8
Low Load; Approach to Saturation 32°F; Low Stoichiometric Ratio
44 | 421 11.9 12.6 131.2 9.1 93.1
43 | 422 11.8 11.5 134.6 22 984 5.3
Low Load; Approach to Saturation 32°F: Hi
11.9 17.2 118.8 64 94.6
11.8 17.0 101.9 0.7 99.3 4.7
proach to Saturation 40
8.6 17.8 132.8 34.0 74.4
8.6 17.3 | 42,0 131.7 26.9 79.6 5.2
Full Load; Approach to Saturation 42°F; High Stoichiometr
24 | 579 8.6 223 119.0 36.1 69.6
23 | 580 8.6 222 115.8 22.7 804 | 10.7
Full Load; Approach to Saturation 3
3.1 58.1 8.6 17.3 118.0 7.5 93.7
3.1A] 583 8.6 17.9 1251 8.8 93.0
3.2 | 581 8.6 17.1 129.3 4.7 96.4 | 3.0%
Full Load; Approach to Saturation 32
2.1 57.7 8.7 222 122.4 20.7 83.1
22 | 564 8.9 223 123.2 4.9 96.0 }2'9__J

Note: Shaded areas show change in process parameters.
* Difference in removal efficiency between the average of Tests 3.1 & 3.1A and Test 3.2
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Table 5.8 Operational Parameter Details - Effect of Heat Activation of Feed Slurry on SDA System Performance

Power

Test No. Date OQOutput Resid. Coal Feed Coal FeedLimestone
Gross Time Feeder A FeederB

(MWe)  (Sec) (x10° Ib/hr(x10° Ib/hr  (Ib/min)

A pproacn

4.1 13-Nov-99

4.2 14-Nov-99 41.8 12.0 36.3 34.3

w L.oad; Approach to Satu 43 F; High Stochiometric Rati

1.1 04-Nov-99 42.1 11.9 36.5 36.5

1.2 04-Nov-99 42.4 11.8 30.8 33.1
L.oad; Approach 32 F ; stoichiometric |

44 15-Nov-99 42 1 11.9 34.9 329

43 14-Nov-99 422 11.8 36.1 34.0

+ ADDRIO )

14 06-Nov-88 420 11.9 36.0 35.9

1.3 04-Nov-99
3 L.OAa0; ApRroacn
3.4 11-Nov-99
11-Nov-898

24 0-Nv—99 57.9 8.6 45.2 442
23 08-Nov-99  58.0 8.6 46.4 44.8
31A  12-Nov-89 58.3 8.6 47.9 45.8

3.2 10-Nov-99  58.1 8.6 453 43.5

! 1.08d: APPro 1
2.1
2.2 07-Nov-99 564

Note:
Shaded areas show change in process parameters

* Difference in the removal efficiency between the average of Tests 3.1 & 3.1A and Test 3.2

07—0\19 | 577 8.7 48.1 453

Feed

11.5
12.2

17.1
16.9

12.6
115

17.2

17.0

17.8
17.3

22.3
22.2

17.3
17.9
17.1

222
22.3

Ca/S02

1.8

SDA
Inlet

Temp.

CF)

281.3
277.8

268.8
267.8

274.9
278.9

2714
267.3

2734
271.8

2748
2724

272.1
2732
270.5

271.1
271.2

SDA
Exit

Temp.

(°F)

179.5
179.5

180.2
180.3

170.4
169.7

169.6
170.0

177.0
180.0

180.1
180.2

169.9
170.6
171.9

169.7
170.1

BH
Exit

Temp.

R

1753
174.8

176.4
176.2

165.6
165.6

166.6
165.9

172.8
176.1

176.4
176.0

166.0
166.0
167.8

166.0
166.9

SDA/BH Adiabatic Approach

Ave.

Temp.

(°F)

177.4
177.1

178.3
178.2

168.0
167.6

168.1
168.0

174.9
178.0

178.3
178.1

168.0
168.3
169.9

167.9
168.5

Satn.

Temp.

CF

136.0
136.0

136.0
136.0

136.0
136.0

136.0
136.0

136.0
136.0

136.0
136.0

136.0
136.0
136.0

136.0
136.0

to Slury
Satn. Temp
°F) (°F)
414

411

Slurry
Solids

(Wt.%)

4158
414

42.0
42.1

41.7
421

41.9
42.0

42.0
42.0

41.7
41.4

420
42.0
40.5

41.7
41.9

Slurry
Flow

(GPM)

35.6
36.3

313
32.3

36.9
40.2

35.9
35.9

42.6
425

41.1
42.2

448
45.1
46.9

44 1
45.5

SDA
inlet
$02

(ppm)

120.5
134.9

112.8
101.7

131.2
134.6

118.8
101.9

132.8
131.7

119.0
1156.8

118.0
125.1
129.3

122.4
123.2

Stack

S02

{(ppm)

316
29.3

15.5
7.0

9.1
2.2

6.4
0.7

34.0
26.9

36.1
22.7

7.5
8.8
47

20.7
4.9

Diff. In
$02

(ppm)

88.9
105.6

97.3
94.7

1221
132.4

112.3
1011

98.8
104.8

82.9
93.0

110.5
116.3
1246

101.7
118.3

Diff. In

Removal Removal

Eff.
(%)

73.8
78.3

86.3
93.1

93.1
98.4

94.6
99.3

74.4
79.6

69.6
80.4

93.7
93.0
96.4

83.1
96.0

Eff.
(%)

4.5

6.8

53

47

52

10.7

3.0*

12.9



Figure 5.7: Effect of Heat Activation of Feed Slurry on Removal Efficiency
(Low Unit Load)
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As can be seen under all operating conditions, i.e., at different loads, different approach
temperatures and at different Ca/SQO; ratios, SO, removal tends to increase with heat activation.
The improvement ranged from 4.5% to 6.8% at low load condition and 3.0% to 12.9% at full
load conditions. Even at the most favorable operating conditions with respect to other
parameters, such as at low load, at high Ca/SO; stoichiometric ratio and at low approach
temperature, the efficiency increased from 94.6% to 99.3% or by 4.7% with heat activation
(Test 1.3 & 1.4).

The results suggest that heat activation is perhaps the second most significant process parameter.
It is next only to the approach temperature that determines SDA performance with respect SO,
removal in a limestone injection followed by spray dryer absorber-baghouse semi-dry flue gas
desulfurization system.

This is an important finding of this demonstration test program. Even though steam heating the
feed slurry entails operating cost, depending on the relative cost of lime and steam, this is an
option that must be considered in optimizing the system performance and O&M cost. It must be
pointed out that steam heating slurry is relatively easy and the heating system and attendant
equipment have relatively low capital cost and easy to operate and maintain. Economics of the
approach is site-specific and will depend primarily on the cost of lime and steam at the plant.

Since the response time of system performance for increasing the feed slurry temperature is
relatively short, less than 15 minutes or so, and it takes less than 3 hours for the entire system to
reach steady-state condition, this approach can even be used intermittently on an as needed basis,
when a temporary boost in system performance is required. For example, it can be used when the
an unexpectedly high-sulfur coal seam is encountered or when other operating parameters such
as lowering the approach temperature or decreasing the load cannot be used due to system
operational constraints.
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6.0 SUMMARY

A demonstration test program as required by Contract No. HCCP-007 between AIDEA and

B& W/Joy was conducted between November 3 and November 15, 1999. The objective of the
program was to characterize the SDA system by investigating the effect of various process
parameters on system performance so that the data generated can be used to design other systems
with different coal characteristics and performance requirements. The parameters to be studied
include:

Coal sulfur content

Approach to saturation temperature (flue gas temperature at spray dryer exit)

Calcium to sulfur ratio (reagent ratio)

Activation of recycle solids to improve SDA performance with respect to SO, removal with
attendant improvement reagent utilization

e & o o

The results indicate:

e The SDA system at the HCCP with furnace limestone injection can achieve high SO,
removal efficiencies in excess of 90% even with very low sulfur coal with 0.15% sulfur
content at reasonable reagent stoichiometry of 1.2 to 1.4.

e The system can be operated at an approach to saturation temperature range of 30°F to 40°F,
the temperature range of several conventional lime based semi-dry FGD systems with SO,
removal efficiencies in excess of 90%. Significant improvement in SO, removal achieved at
lower approach temperature.

o Heat activation of SDA feed slurry appears to be a very significant process parameter, next
only to the approach temperature that determines SDA performance with respect SO,
removal. This is an important finding of this demonstration test program. Even though, steam
heating the feed slurry entails operating cost, this is an option that must be considered in
furnace limestone injection systems followed by SDA/baghouse. Economics of the approach
will depend primarily on delivered cost of lime and steam, which are site-specific. Operation
at the HCCP suggests steam heating is relatively easy to operate and maintain.

e Of the four process parameters investigated, the order of significance with respect to SO,
removal are:
e Approach to saturation temperature
e Heat activation of recycle solids
e Reagent ratio
e Unit load (gas flow rate/gas residence time)
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List of Acronyms and Abbreviations

acf - Actual Cubic Foot
acfm - Actual Cubic Feet per Minute
APH - Air Pre-Heater

AIDEA - Alaska Industrial Development and Export Authority
BH - Baghouse

B&W - Babcock and Wilocox

B&W/loy - Babcock and Wilcox/Joy Environmental Technologies Inc.
Btu - British Thermal Unit

CEMS - Continuous Emission Monitoring System
DCS - Distributed Control System

DOE - Department of Energy

EPA - Environmental Protection Agency

OF - Degrees Fahrenheit

FCM - Flash Calcined Material

FGD - Flue Gas Desulfurization

gr - Grain

GVEA - Golden Valley Electricity Association, Inc.
HCCP - Healy Clean Coal Project

HHV - Higher Heating Value

MAF - Moisture and Ash Free

MW - Megawatt

NOx - Nitrogen Oxides

S - Sulfur

SDA - Spray Dryer Absorber

SO, - Sulfur Dioxide

SWEC - Stone & Webster Engineering Corporation
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SDA DEMONSTRATION PROGRAM

SDA technology system characterization refers to the tests recommended for study of
how the SDA System responds to incremental change in process conditions. The SDA
technology characterization test program assumes that the parameters given in Table A-1
are achievable and that the equipment and control system can accommodate these
variables. The characterization test matrix is subject to changes at anytime within the
given outlines pending the evaluation of the previous test results and their agreement with
the project goals. Additionally, characterization test parameters may need to be adjusted
once data from combustor optimization are available. These changes will be addressed in
the Emissions Control System Operating Report. Test procedures will be provided with
this report.

Initial Performance SDA System
A brief series of tests will be conducted on the SDA/Fabric Filter (FF) System for
preliminary adjustment of operating parameters. This initial performance tuning is
required to ready these systems for compliance testing.
SDA/FF Characterization Testing
Table A-1 summarizes the characterization testing matrix.
The following information is required for SDA/FF Technology Characterization testing:
e Coal feed rate, coal analysis, limestone feed rate, and limestone composition.
e Air heater hoppers drop out solids analysis.
e Ash analysis for alkaline components.
¢ FF recycle stream analysis.
e FCM - Sample at inlet to SDA for available calcium oxide.
e Recycle sturry for available calcium oxide/calcium hydroxide and reactivity.
The testing will explore SDA operation with different SO; inlet concentrations to the

SDA based upon various levels of sulfur removal achieved in the TRW combustors, coal
quality and plant load.

Stone & Webster A-1




SDA SYSTEM

DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

Table A-1
HCCP SDA Technology Characterization Proposed Test Matrix
Inlet SO, Reagent Ratio | Approachto | Recycle Recycle
Concentration (Ca/SOy) Saturation Grind
Low 1.95 33 Design | No Supplemental
Heat Activation
1.75 18 With Supplemental
Heat Activation
Medium 1.95 33 Design | No Supplemental
Heat Activation
1.75 18 With Supplemental
Heat Activation
High 1.95 33 Design | No Supplemental
Heat Activation
1.75 18 With Supplemental
Heat Activation

These tests will be conducted at various plant loads. Sulfur dioxide capture will be
characterized throughout the system including the combustors, SDA, and fabric filter

system.

Stone & Webster
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

APPENDIX B

TEST DATA

Stone & Webster




Demonstration Test Data

No. Test No. Date Time

1.1 Start  03-Nov-99 8:04
9:04
10:04
11:04

12:04 -

13:04

14:04

15:04

©16:03

17:03

18:03

1.1 Finish  03-Nov-99 -+ 19:03

Load

40.7
423
42.3
41.9
422
42.2
42.0
42.0
42.1
42.5
42.5
422

Coal Feed Coal Feed Limestone
Feeder A FeederB

36.2
36.2
36.4
36.6
37.0
36.6
36.1
36.4
36.3
36.4
36.6
36.7

36.2
36.2
36.4
36.6
37.0

36.5

36.2
36.4
36.5
36.3
36.7

369

Feed

17.2
16.9
17.2
17.2
17.2
17.3
16.9
17.0
17.1
17.3
171
171

SDA SDA BH Adiabatic Slury Slurry
Inlet Temp Exit Temp Exit Temp Satn. Temp Temp Solids, %
271 183 176 136 109 421
270 180 176 136 110 41.6
274 180 178 136 1M1 42.3
264 180 177 136 111 419
266 181 176 136 112 421
267 180 176 136 112 419
268 179 176 136 112 419
268 179 176 136 112 421
270 180 176 136 111 41.8
269 181 177 136 111 422
269 179 177 136 111 419
269 180 176 136 112 420

Slurry
Flow SDA Stack Comments
{GPM) Inlet SO2

33.27 118.8 19.8
30.38 122.3 13.1

30.49 120.3 17.1
30.9 123.7 15.5
317 1124 14.7
313 108.4 121
32.1 111.7 13.9
31.8 116.2 12.6
31.2 110.9 16.3
31.2 100.8 16.8
316 100.1 141

29.3 108.6 18.3

20:03
21:.03
22:03
23:03

1.2 Stat 04-Nov-99 8:00
' 9:00

10:00

11:00

12:00

13:.00

14:00

15:00

16:00

17:00

18:00

19:00

1.2 Finish  04-Nov-99 20:00

45.1
45.4
42.7
425

43.0
429
42.4
42.1
422
42.5
42 .4
42.0
42.2
423
423
422
42.2

43.1
38.1
35.3
354

33.7
33.3
33.1
33.3
33.4
3.1
32.8
329
32.7
32.8
327
33.0
33.1

43.1
376
354
354

33.8
33.2
331
334
334
33.1
327
33.0
32.7

328

327
33.0
33.1

16.8
16.6
17.2
171

16.5
16.6
17.2
16.7
17.0
16.8
16.9
16.9
16.8
171
17.0
16.9
17.0

265
264
267
266

268
268
266
267
268
269
270
271
271
272
268
260
264

180
180
178
180

180
180
180
181
181
180
180
180
180
180
181
180
181

177
177
177
176

177
176
176
176
176
176
176
176
176
176
176
176
177

136
136
136
136

136
136
136
136
136
136
136
136
136
136
136
136
136

112
113
114
113

154
154
155
155
158
154
155
154
1585
154
154.8
155
185

41.0
41.4
42.0
41.4

43.0
421
418
41.8
42.0
41.7
419
42.5
41.8
421
421
42.2
42.3

32.0 107.9 17.1 Load & Coal feed went up
329 110.2 16.2

307 103.5 141

313 102.3 16.4

Steam to heat activate slurry

326 103.3 9.3 turned on at 24:00hrs
31.8 97.3 7.2

314 96.0 8.6

31.8 102.5 5.8

327 938 6.9

33.3 100.7 49

327 93.4 57

33.2 98.3 42

33.1 108.3 54

334 99.9 34

336 104.9 7.0

29.4 107.5 12.8

30.4 115.5 9.6

1.3 Start  04-Nov-99 21:00
22:00
23:00

425
421
42.5

33.1
33.1
32.8

33.1
33.1
32.8

17.2
17.0
17.0

268
267
268

170
170
170

167
166
166

136
136
136

165
155
155

41.7
421
41.8

36.3 106.0 1.0
356.9 110.5 0.8
36.6 109.3 0.8




05-Nov-99 0:00:00
1:00
2:00
3:00
4.00
5:00
6:00
7:00
8:00

42.0
42.2
422
42.4
42.3
42.8
42.2
422
42.3

32.3
32.5
32.5
33.0
33.2
325
32.0
32.2
32.2

32.3
32.5
325
33.0
33.2
32.5
32.0
32.2
322

17.0
16.9
17.0
17.0
16.8
16.9
17.3
17.2
17.1

265
265
267
268
269
273
266
266
267

170
170
170
170
170
170
170
170
170

165
166
166
166
166
166
166

136
136
136

185
155
154
165
1585
154
155
156
155

41.8
421
421
41.9
41.6
41.9
42.3
417
42.6

35.2
35.0
35.8
36.4
36.2
38.4
35.2
35.2
354

98.8
100.4
943
100.1
100.5
101.5
93.8
95.8
98.0

0.6
06
0.7
0.8
0.8
06
06
0.8
0.6

Transition 10:00
13to 1.4 11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00
18:00
20:00
21:.00
22:00
23.00

14 Start  06-Nov-99 0:00
1.00
2:00
3:.00
4.00
5.00
1.4 Finish 06-Nov-99 6:00

421
421
419
42.1
42.3
42.2
419
42.3
42.3
425
42.0
421
421
42.2

421
42.0
421
42.0
421
41.8
42.1

331
33.0
33.1
335
33.7
33.5
33.7
33.6
33.9
336
33.9
34.0
34.5
34.8

34.9
35.2
35.3
35.8
36.2
37.1
37.2

33.0
329
33.0
33.4
33.7
33.5
336
336
33.9
337
33.9
34.0
34.5
34.7

34.8
35.1
35.4
358
36.2
37.1
37.2

171
17.3
16.8
17.1
17.3
17.3
17.3
17.4
17.4
17.3
16.9
171
17.1
17.2

17.1
16.7
171
17
17.2
17.2
17.8

264
264
267
269
269
271
271
273
271
269
271
271
272
272

273
270
270
271
272
271
273

170
170
169
170
170
171
170
170
169
170
170
170
170
170

169
170
169
169
170
170
170

166
166
166
166
166
166
166
167
165
165
165
166
166
166

167
167
167
167
166
166
166

136
136
136
136
136
136
136
136
136
136
136
136
136
136

136
136
136
136
136
136
136

143.9
136
132
127
123
120
117
116
113
113
110
110
108
107

106
105
103
101
100
100
100

41.8
421
42.3
416
41.9
42.0
41.6
427
41.3
422
41.6
42.0
41.9
41.7

42.2
416
42.1
421
417
42.5
41.1

347
35.4
357
36.0
35.7
35.9
36.8
37.9

346

34.8
355
354
35.8
37.9

35.3
351
35.7
36.2
35.9
36.0
36.7

97.4

1158
101.0
110.8
107.4
116.2
117.4
117.5
100.5
108.4
104.4
111.8
105.0
112.7

114.0
108.4
112.8
127.7
122.8
123.1
1225

0.8
0.9
0.8
0.8
09
1.1
1.0
1.0
1.3
2.3
16
2.7
28
14

4.0
4.8
42
6.9
9.3
8.8
6.9

Steam turned off
Feed slurry is cooling from 155 F

Added air lance to hasten cooling

Transition 06-Nov-99 6:14
14 to 2.1 7:00
8:00

- 8:00

10:00

11:00

12:00

13.00

14:00

15:00

16:00

17:00

42.0
42.2
514
56.2
55.4
55.3
55.6
56.1
55.4
58.7
56.4
55.3

37.2
37.5
47.0
48.5
48.1
48.8
50.1
49.4
50.0
49.1
451
46.3

37.1
37.5
47.0
48.4
48.1
48.7
50.2
49.4
50.1
49.1
450
46.3

226
22.7
22.5
22.5
223
22.4
225
227
224
224
22.5
228

273
273
277
275
274
270
272
272
272
273
274
272

170
169
170
169
168
172
170
170
170
170
173
170

166
166
166
170
166
167
168
167
167
166
167
166

136
136
136
136
136
136
136
136
136
136
136
136

100
102
102
103
103
104
103
104
104
104
104
104

416
42.9
41.9
42.3
41.5
422
41.7
423
421
41.8
42.3
41.9

36.7
364
471
454
4186
449
449
448
45.1
453
46.9
44.0

1221
125.6
133.1
134.2
1356
136.5
134.7
141.5
145.3
140.8
131.4
126.8

6.9
6.6
114
12.8
21.5

24.0

19.4
26.1
26.4
277
246
245

LS feed lincreased to 22.5 ib/min.

Unit load increased o 55 MWe




2.1 Start

2.1 Finish

Transition
21t02.2

2.2 Start

2.2 Finish

22t023

2.3 Start

2.3 Finish

06-Nov-99

07-Nov-99

07-Nov-99

07-Nov-99

07-Nov-99

07-Nov-99

08-Nov-99
08-Nov-99

08-Nov-99

18:00
19:00
20:00
21:00
22:00
23:00

0:00
1:00
2:00
3.00
4:00
5:00
6:00

7:00
8:00
9:00
10:00
11:00
12:00

13.00
14:.00
15:.00
16:00
17:00
18.00
18:00
20.00
21:00
22:00

23:00
0:00
1:00
2:00
3:.00
4:00
5.00
6:00
700
8:00
9:00

57.1
57.5
55.7
57.7
54.9
57.2

58.3
58.6
57.7
55.6
59.2
56.8
57.9

58.4
58.1
57.8
56.0
48.3
47.4

54.4
58.6
58.9
57.8
57.8
57.6
56.3
574
58.0
56.5

56.7
57.9
58.1
578
58.4
58.5
57.6
58.2
58.2
58.7
58.0

47.4
47.3
459
48.7
459
46.5

46.8
47.2
47.8
50.6
49.8
471
471

46.9
471
46.1
46.3
46.2
46.7

45.8
47.0
45.0
46.0
46.2
441
46.3
47.3
476
44.8

48.7
47.6
46.0
47.3
46.1
45.5
459
45.7
46.1
46.1
46.9

47.4
47.3
45.9
48.7
43.7
446

449
43.1
43.9
47.8
46.8
45.1
45.4

459

46.1

449
35.4
20.4
20.4

456
46.0
43.8
449
453

43.0 -

45.5
46.3
45.8
43.0

44.7
456
439
45.3
44.0
43.5
449
448
451
45.1
45.8

227
225
221
219
224
22,7

219
223
22.4
224
221
222
22.2

22.1
22.0
221
22.0
224
222

22.7
221
221
227
221
27
226
219
220
220

219

224

219
222
226
224
221
221
223
223
224

274
274
272
273
274
269

269
272
270
271
273
271
272

270
270
270
270
275
270

268
276
271
269
270
271
271
271
272
273

269
271
274
275
274
271
271
271
274
272
274

170
168
172
170
163
171

170
169
170
170
169
170
170

170

169
170
170
171
169

170
169
173
170
171
169
170
169
170
171

181
180
180
180
180
180
180
180
181
180
180

167
169
216
167
171
166

166
166
166
166
166
165
167

166
166
166
166
167
169

166
167
166
165
166
169
167
166
169
166

173
176
176
177
175
176
177
176
176
177
177

136
136
136
136
136
136

136
136
136
136
136
136
136

136
136
136
136
136
136

136
136
136
136
136
136
136
136
136
136

136
136
136
136
136
136
136
136
136
136
136

105
106
107
109
109
112

MM
111
112
107
109
108
109

114
125
134
139
143
148

151
150
148
147
148
147
147
147
146
145

147
150
151
151
151
155
163
153
163
151
148

419
42.0
41.0
42.5
41.9
42.4

416
411
42.8
39.5
42.9
411
42.7

41.5
42.0
42.2
41.9
41.2
41.0

42.2
42.1
41.7
42.1
419
422
41.8
42
41.7
41.9

417
42
42.3
42.3
41.3
39.9
40.6
413
40.9
421
40.8

445
44.4
48.6
451
52.2
43.3

45.0
419
434
453
45.8
42.9
442

44.3
46.3
451
41.4
38.7
391

45.0
48.0
47.0
45.1
45.3
46.5
46.6
445
479
458

40.2
41.8
43.6
43.4
42.8
42.4
412
413
40.9
43.4
43.0

134.6
129.4
116.3
126.4
118.8
117.9

125.4
113.3
135.8
131.0
108.5
119.5
123.0

133.2
130.2
120.7
137.3
107.0
99.8

105.6
155.6
121.7
124.2
139.0
125
123.2
118.7
124.5
118.2

116.9
126.3
116
120.9
113.5
109.3
138.8
116.9
99.5
106.5
110.1

235
29.4
40.1
19.1
2.9
18.8

17.8
18.9
238
17.9
19.4
217
252

257
22.3
271
274
134
10.3

6.5
3.2
3.2
5.1
6.0

3.4
3.7
4.3
3.7

29.66
289
227
20.2
2086
21.8
239
248
18.9
20.8
17.9

Problem With Atomizer & SDA Inlet t
Problem With Atomizer & SDA Inlet t

Heating Slurry
Heating Slurry
Heating Siurry
Heating Slurry




Transition
23to24

2.4 Start

Transition
24t03.1

3.1 Start

3.1 Finish

08-Nov-99

08-Nov-99

08-Nov-99

09-Nov-99

09-Nov-99

09-Nov-99

10-Nov-99

10:00
11:00
12:00
13:00
14:00
156.00
16:00
17:00
18:00
19:00

20:00
21:.00
22:00
23.00
0:00
1:00
2:00
300

5:00
6:00
7:00
8:00
8.00
10:00
11:00
12:00
13:00
14.00
15:00

16:00
17:00
18:00
19:00
20:00
21:00
22:00
23:00
0:00
1:00

58.5
58.0
58.1
59.1
56.8
58.3
55.2
57.8
57.9
57.8

57.9
57.3
57.4
58.1
57.8
58.4
57.9
57.9

57.9
58.2
58.0
58.8
58.5
59.0
58.9
57.7
58.2
58.1
57.9

57.4
57.4
58.1
58.2
58.3
58.2
59.3
57.9
58.1
58.0

45.8
46.0
46.9
423
43.1
42.4
42.5
43.8
43.6
447

46.0
427
447
44.8
453
44.9
458
45.9

46.5
46.6
46.6
453
44.2
456
43.0
42.9
43.0
434
441

46.1
47.0
45.8
46.2
45.1
45.7
43.8
43.8
43.8
442

449
45.0
459
414
42.1
41.5
416
42.8
427
43.8

452
41.8

43.8

43.9
44.2
440
448

45.5
455
458
442
43.2
446
421
419
41.9
42.4
43.1

45.2
46.0
448
453
44.3
448
42.9
42.8
42.7
43.3

222
216
222
21.9
224
213
2156
22.0
221
22.4

226
224
221
222
21.9
22.4
22.2
226

225
17.2
17.4
17.5
17.2
17.4
17.3
17.5
17.3
16.7
17.5

17.2
17.2
17.4
17.3
17.5
17.2
171
17.7
17.1
17.1

271
272
273
276
272
271
273
273
273
275

272
275
277
274
276
274
276
275

277
274
275
276
277
274
272
273
271
270
270

272
272
273
273
275
271
272
270
271
272

180
180
180
179
180
179
181
179
178
178

180
179
180
181
180
180
181
180

168
168
168
168
168
170
170
170
170
170
170

169
170
169
170
169
171
170
170
171
170

176
176
176
177
176
175
177
175
174
174

176
176
177
176
177
176
177
177

165
164
164
164
164
165
165
166
166
165
166

166
166
167
165
166
166
166
167
165
166

136
136
136
136
136
136
136
136
136
136

136
136
136
136
136
136
136

136
136
136
136
136
136
136
136
136
136
136

136
136
136
136
136
136
136
136
136
136

134
126
121
117
113
112
111
110
106
104

103
102
101
102
102
103
103
103

104
105
105
106
106
106
106
107
105
106
106

106
105
106
104
103
103
103
104
104
106

a7
40.8
40.4
42.2
41.0
41.0
417
425
41.9
421

420
42.1
426
417
39.9
41.0
41.8
42.4

42.0
42.0
42.4
42.1
42.4
413
42.0
43.5
40.9
42.3
41.9

4186
423
41.8
42.3
421
41.8
421
422
41.7
421

42.5
424
416
41.1
39.3
39.9
40.2
415
41.9
41.2

39.7
41.0
410
41.0
412
413
42.8
41.1

46.7
47.2
47.4
48.0
47.9
44.4
45.2
44.2
43.6
43.5
440

44.7
438
46.2
457
45.4
446
451
43.8
43.8
445

112.0
108.0
1156
113.6
111.6
128.1
132.0
1256.1
118.2
133.0

125.5
1M11.7
110.2
129.4
115.0
122.8
115.3
119.8

1235
1335
126.2
117.3
114.8
111.3
100.5
100.0
107.8
116.0
115.2

115.5
117.2
121.0
126.1
108.6
121.5
119.9
114.1
122.1
113.8

4.9
6.2
5.0
4.1
3.8
7.9
7.7
7.2
7.7
7.7
6.4

6.0
6.2
5.7
52
5.5
9.1
8.9
71
9.6
11.5

Slurry Cooling / Heat activation off
Slurry Cooling / Heat activation off
Slurry Cooling / Heat activation off
Slurry Cooling / Heat activation off
Slurry Cooling / Heat activation off
System balancing
System balancing
System balancing

SDA exit temp drop
Limestone feed drop
System balance
System balance
System balance
System balance
System balance
System balance
System balance
System balance
System balance




Transition 10-Nov-99 2:00 58.4 440 431 17.2 273 170 166 136 138 40.6 44 .4 132.0 8.3 Slurrry Heating

31t03.2 3:00 57.9 449 43.9 17.3 271 170 165 136 167 414 452 127.4 10.2  Slurrry Heating
4:00 57.9 45.6 446 17.6 272 170 166 136 153 426 47.7 127.7 49 Slurrry Heating
5:00 58.0 45.8 44.7 171 273 170 166 136 162 413 48.2 124.8 2.5 Slurrry Heating
6:00 58.1 46.4 45.4 17.3 273 170 166 136 154 42.2 48.8 130.7 2.1 Slurrry Heating
7:00 58.8 454 44 4 17.4 274 170 166 136 153 417 48.1 126.0 2.3
8:00 58.6 44.1 42.9 17.6 272 170 167 136 153 421 47.4 1423 3.7
9:00 58.2 44.3 433 @ 172 269 169 166 136 154 417 45.5 132.0 48
3.2Start  10-Nov-99 10:00 58.1 441 43.1 17.8 267 170 165 136 153 41.9 45.0 132.5 6.9
11:00 58.1 44.5 43.5 171 267 170 166 136 153 27.0 455 128.3 5.7
12:00 58.1 44.8 43.8 17.4 269 171 165 136 154 415 46.6 137.8 54
13:00 58.0 45.2 43.2 17.0 271 170 166 136 183 421 471 130.1 5.5
14:00 58.4 45.2 433 17.0 271 168 165 136 153 417 48.9 126.3 3.7
156:00 58.3 44.8 427 17.1 27 170 165 136 154 419 48.3 136.0 5.6
16:00 58.3 45.2 43.0 171 269 170 165 136 154 42.3 46.9 131.8 4.9
17:00 57.7 46.2 441 + 168 271 170 166 136 154 41.9 47.7 122.4 2.9
18:00 58.3 456 43.6 16.8 273 170 165 136 154 41.6 47.3 117.7 35
3.2 Finish  10-Nov-99 19:00 58.1 46.0 44.0 17.0 272 170 166 136 154 41.9 48.1 125.5 3.0

Transition

3.2t03.3 20:00 57.7 46.2 442 17.0 274 192 192 136 154 419 41.8 132.8 111.9

3.3 Start 21:00 58.5 46.6 447 17.4 270 180 176 136 153 417 428 1258 245
22:00 58.8 459 439 17.3 274 180 175 136 163 419 43.4 125.0 231
23:00 58.2 46.4 443 174 271 181 176 136 154 415 423 120.7 252

11-Nov-99 0:00 58.5 456 43.7 17.8 272 180 176 136 1563 42.0 42 1 139.9 28.0

1:00 58.1 45.9 43.8 171 274 179 176 136 154 426 422 138.3 27.2
2:00 58.0 46.4 44 .4 16.1 270 180 176 136 154 415 41.8 139.2 27.4
3:00 58.3 45.4 43.2 17.2 272 180 176 136 153 423 43.0 118.9 2486
4:00 57.6 46.7 446 17.6 273 180 176 136 153 42.0 424 1211 232
5:00 58.1 47.3 453 17.2 272 179 177 136 153 42.0 447 141.6 229
6.00 58.1 46.7 446 17.2 272 180 177 136 153 422 41.7 144.0 376
7:00 58.5 45.9 43.9 17.1 270 181 176 136 154 41.7 4186 143.7 31.2

Transition 11-Nov-99 9:00 58.0 45.0 42.0 17.2 273 180 176 136 140 42.6 4186 106.6 27.8
33to34 10:00 57.9 45.7 43.6 17.4 272 192 199 136 136 38.3 37.42 143.5 72.8  Problem with siurry pumps
11:00 58.6 45.4 43.1 17.2 276 173 169 136 129 40.9 46.39 1419 8.7 o
12:00 58.5 44.5 426 17.3 275 171 168 136 117 423 46.2 125.6 7.9
13:00 57.8 46.3 441 17.8 272 176 168 136 114 414 422 119.3 171 SDA Exit Temp Increasing & Sluryy
14:00 58.8 46.9 449 17.7 272 178 174 136 114 42.5 42.5 126.4 347  SDA Exit Temp increasing
3.4 Start  11-Nov-99 15:00 57.9 475 456 17.5 272 179 175 136 112 42.2 422 122.9 37.0

16:00 58.0 47.3 45.4 17.5 273 179 175 136 112 41.9 411 129.3 40.7




17:00 57.9 48.1 46.5 17.7 271 177 173 136 111 42.0 41.4 147.5 40.8  High SO2 - Note the system

18:00 57.5 48.4 46.3 17.6 272 176 172 136 111 42.0 42.6 140.8 35.8  can still handle it!
19:00 58.22 48.6 46.64 18.08 273 176 172 136 110.2 41.7 42.5 142.5 36.9
20:00 58.3 48.6 46.7 18.2 274 177 172 136 110 42.0 43.1 129.2 31.5
21:00 58.0 493 47.4 18.1 274 176 172 136 110 4.7 434 125.0 26.0
22:00 58.0 50.2 48.3 17.7 276 176 171 136 110 42.2 437 129.2 276
3.4 Finish 11-Nov-99 23.00 58.2 50.3 482 17.7 276 177 173 136 110 41.9 43.8 128.8 29.5

Transition 12-Nov-99 = 0:00 58.3 49.5 47.5 18.2 278 186 189 136 110 41.0 33.2 133.6 67.0  Slurry Flow Reduced to 33.2 gpm
34t03.1A 0:15 58.3 49.7 47.3 17.8 278 176 177 136 110 42.4 46.7 116.5 26.1
030 582 49.3 47.2 17.7 280 179 156 136 110 42.4 46.0 125.0 26.2
0:45 58.1 49.0 47.1 17.8 277 175 173 136 110 4286 459 118.3 22.2
1:00 58.3 49.4 471 17.3 275 174 171 136 109 421 46.0 1216 18.7
2:00 . 578 495 47.6 17.6 274 173 . 169 136 108 42.0 45.3 124.5 13.2
3:00 58.5 48.1 48.0 17.9 274 171 167 136 107.6 422 456 114.8 10.3
3.1A Start  12-Nov-99 17.8 273 170 - 1656 136 107.11 121.7
17.4 274 170 166 136 106.71 119.2
17.7 275 170 165 136 107.3 128.4
17.7 272 175 167.24 136 107.47 119.2 SDA Exit Temp increased
17.7 274 171 166.17 136 108.03 132.0 and the system responded!.
273 169 165 136 107.59 119.7
275 170 167 136 107.02 127.5
271 170 167 136 106.16 126.9
3.1A Finish 12-Nov-99 272 170 166 136

Transition 12-Nov-99 13:00 51.8 42.3 40.6 18.2 270 170 165.2 136 105.9 416 34.4 126.0 10.3
31Ato4.1 14:00 415 36.1 33.3 18.4 266 169 165 136 108.7 42.2 326 111.0 8.8
15:00 41.8 36.1 341 12.3 263 170 165 136 106.63 41.8 33.5 111.41 15.0

16:00 - 420 35.7 336 11.7 262 171 166 136 106.32 421 346 113.9 18.3

17.00 - 420 35.8 33.9 11.7 263 170 166 136 105.75 4212 33.31 111.1 13.3

18:00 40.0 35.8 339 11.7 262 170 166 136 105.78 42.2 321 126.1 18.1

18:00 42.5 35.7 337 11.8 260 170 167 136 106.38 42.0 32.5 109.4 204

20:00 41.8 35.8 336 11.4 260 170 165 136 107.89 427 322 108.4 18.5

21:00 418 36.1 33.8 11.7 261 170 165.5 136 107.96 42.0 314 115.8 14.4

22:00 42.0 35.5 33.5 11.3 255 171 1659 136 108.26 42.2 276 110.9 20.8

23:00 42.1 35.6 336 114 260 170 166 136 108.47 42.1 338 114.7 216

13-Nov-99 0:00 41.9 36.0 33.9 11.5 267 177 166 136 107.97 421 38.3 107.9 33.2

4.1 Start  13-Nov-99 1:00 42.1 36.1 341 11.6 287 181 173 136 107.85 41.0 34.8 171 28.1
2:00 418 36.0 34.0 11.4 284 180 176 136 106.68 413 35.0 1217 30.8

3:00 42.2 36.2 34.3 11.5 280 180 175 136 107.14 417 35.8 111.0 30.8

4:00 42.0 35.9 33.9 114 282 179 176 136 107.93 42.8 35.2 117.3 32.3

5:00 42.0 36.2 34.2 11.5 281 180 176 136 106.94 414 35.8 119.3 32.7

6:00 42.0 36.3 343 11.0 282 180 176 136 107.17 423 36.3 121.0 31.8

7:00 42.0 36.2 34.1 11.0 283 179 176 136 106.47 41.8 40.6 129.1 348




4.1 Finish  13-Nov-99

Transition 13-Nov-99
4.1t04.2

4.2 Start

4.2 Finish  14-Nov-99

'
42t04.3 14-Nov-99

4.3 Start  14-Nov-99

4.3 Finish  14-Nov-99

Transition 14-Nov-99
43tod4

4.4 Start
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178
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170
169
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171
171
171
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270
42.4
171
170
169
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176
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174.44
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136
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106.6
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146.78
154.06

153.056
153.34
152.96
1563.02
153.23
152.9
162.9
153.05
153.09
152.66
151.65
152.79
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152.76
152.9
152.87
152.95
152.93
153.05
163.03

142.13
131.01
126.14
121.26
117.34
114.29
112.95
112
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111.5
110.4
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417
419

414
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43.1
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42.3
421
40.5
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30.7
419
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414
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41.9
41.9
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43.3
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43.0
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41.8
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41.3

41.2

37.2
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355

374
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346
34.0
35.9
35.3
37.9
35.2
346
411
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414
40.4
37.8
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38.4

37.8
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37.68

38.1
37.3
386

36.966

37.3
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354

34.0

122.5
120.2

121.7
1313

139.6
128.3
1304
135.1
129.1
120.6
131.1
146.0
143.4
136.5
131.2
137.2

132.0

136.7
141.3
133.0
138.7
137.0
129.8
130.4
128.8

135.5
132.4
128.5
134.6
129.8
117.8
130.0
119.6
128.3
125.0
128.3

129.3

26.9
321

331
32.2

279
30.8
30.1
324
27.5
272
327
338
332
31.0
20.6
247

6.0
51
6.2
75
6.7
6.5
75
6.7
9.3
7.6
55

13.9




4.4 Finish

15-Nov-99
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142.2
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129.6
120.6
136.2
139.4
116.4
131.5
122.8

104
11.4
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11.1
1.1
76
8.7
7.5
54
5.0
8.5
6.0
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE

Sample No. I (November 3, 1999; 08:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2672 | ~eee- Moisture, % 26.72 | -eme-

Ash, % 16.94 23.12 | Carbon, % 39.43 53.81

Volatile, % 31.05 42.37 | Hydrogen, % 2.87 3.92

Fixed Carbon, % 25.29 34.51 Nitrogen, % 0.52 0.71
100.00 100.00 | Sulfur, % 0.14 0.19

Ash, % 16.94 23.12

High Heating 6,606 9,015 Oxygen (diff.), % 13.38 18.25

Value, Btu/lb

Sulfur, % 0.14 0.19 100.00 100.00

Heating Value 11,726

MAF, Btw/lb

Alk. As Sodium 0.33 0.45

Oxide

Sample No. 2 (November 3, 1999; 12:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2756 |  eeee- Moisture, % 2756 | eeee-

Ash, % 15.48 21.37 Carbon, % 39.75 54.87

Volatile, % 31.13 42.97 Hydrogen, % 2.97 4.10

Fixed Carbon, % 25.83 35.66 | Nitrogen, % 0.53 0.73
100.00 100.00 | Sulfur, % 0.14 0.20

Ash, % 15.48 21.37-

High Heating 6,687 9,231 Oxygen (diff), % 13.57 18.73

Value, Btuw/lb

Sulfur, % 0.14 0.20 100.00 100.00

Heating Value 11,740

MAF, Btu

Alk. As Sodium 0.28 0.39

Oxide

Stone & Webster Page C-1




DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS ~ FEEDER “A” SAMPLE (CONT’D)

Sample No. 3 (November 3, 16:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 28.01 | eeee- Moisture, % 28.01 | e

Ash, % 15.69 21.79 | Carbon, % 39.12 54.34

Volatile, % 30.82 42 .81 Hydrogen, % 291 4.04

Fixed Carbon, % 25.48 35.40 Nitrogen, % 0.50 0.70
100.00 100.00 | Sulfur, % 0.14 0.20

Ash, % 15.69 21.79

High Heating 6,570 9,126 Oxygen (diff), % 13.63 18.93

Value, Btu/lb

Sulfur, % 0.14 0.20 100.00 100.00

Heating Value 11,669

MAF, Btu/lb

Alk. As Sodium 0.32 0.44

Oxide

Sample No. 4 (November 4, 1999; 08:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2725 | - Moisture, % 2725 | -—--

Ash, % 12.20 16.77 | Carbon, % 41.95 57.67

Volatile, % 32.23 4430 | Hydrogen, % 3.16 4.35

Fixed Carbon, % 28.32 38.93 Nitrogen, % 0.56 0.77
100.00 100.00 | Sulfur, % 0.15 0.20

Ash, % 12.20 16.77

High Heating 7,083 9,736 Oxygen (diff), % 14.73 20.24

Value, Btw/lb

Sulfur, % 0.15 0.20 100.00 100.00

Heating Value 11,698

MAF, Btw/lb

Alk. As Sodium 0.20 0.28

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 5 (November 4, 1999; 12:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2663 | -eee- Moisture, % 26.63 | em--

Ash, % 11.92 16.24 Carbon, % 42.53 57.97

Volatile, % 32.61 44 .45 Hydrogen, % 3.13 427

Fixed Carbon, % 28.84 39.31 Nitrogen, % 0.56 0.77
100.00 100.00 | Sulfur, % 0.15 0.20

Ash, % 11.92 16.24

High Heating 7,177 9,782 Oxygen (diff), % 15.08 20.55

Value, Btu/lb

Sulfur, % 0.15 0.20 100.00 100.00

Heating Value 11,679

MAF, Btuw/lb

Alk. As Sodium 0.21 0.28

Oxide

Sample No. 6 (November 4, 1999; 16:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 26.77 | - Moisture, % 2677 | -

Ash, % 11.57 15.80 Carbon, % 42.70 58.31

Volatile, % 32.80 44.79 Hydrogen, % 3.16 4.32

Fixed Carbon, % 28.86 3941 Nitrogen, % 0.56 0.77
100.00 100.00 | Sulfur, % 0.15 0.20

Ash, % 11.57 15.80

High Heating 7,189 9,817 Oxygen (diff), % 15.09 20.60

Value, Btu/lb

Sulfur, % 0.15 0.20 100.00 100.00

Heating Value 11,659

MAF, Btw/lb

Alk. As Sodium 0.19 0.26

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 7 (November 4, 1999; 20:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2688 | - Moisture, % 2688 | aeee-

Ash, % 11.53 15.77 | Carbon, % 42.68 58.37

Volatile, % 32.74 44.78 | Hydrogen, % 3.18 4.35

Fixed Carbon, % 28.85 39.45 Nitrogen, % 0.58 0.79
100.00 100.00 | Sultur, % 0.15 0.20

Ash, % 11.53 15.77

High Heating 7,166 9,801 Oxygen (diff), % 15.00 20.52

Value, Btuw/lb

Sulfur, % 0.15 0.20 100.00 100.00

Heating Value 11,636

MAF, Btw/1b

Alk. As Sodium 0.19 0.26

Oxide

Sample No. 8 (November 4, 1999; 24:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2727 | eeeee Moisture, % 2727 | eeeee

Ash, % 11.47 15.77 | Carbon, % 42.61 58.58

Volatile, % 32.63 44.86 | Hydrogen, % 3.16 4.35

Fixed Carbon, % 28.63 39.37 | Nitrogen, % 0.57 0.79
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 11.47 15.77

High Heating 7,132 9,806 Oxygen (diff), % 14.77 20.30

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,642

MAF, Btw/lb

Alk. As Sodium 0.17 0.24

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 9 (November 5, 1999; 04:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2705 | eeme- Moisture, % 27.05 | eee-

Ash, % 10.83 14.84 | Carbon, % 43.03 58.99

Volatile, % 32.78 44.94 | Hydrogen, % 3.14 4.31

Fixed Carbon, % 29.34 40.22 Nitrogen, % 0.58 0.79
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 10.83 14.84

High Heating 7,199 9,869 Oxygen (diff), % 15.22 20.86

Value, Btu/Ib

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,589

MAF, Btw/lb

Alk. As Sodium 0.18 0.25

Oxide

Sample No. 10 (November 5, 1999; 08:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2664 | - Moisture, % 2664 | aeeee

Ash, % 12.48 17.01 Carbon, % 42.09 57.38

Volatile, % 32.55 44.37 | Hydrogen, % 3.09 4.21

Fixed Carbon, % 28.33 38.62 Nitrogen, % 0.58 0.79
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 12.48 17.01

High Heating 7,037 9,593 Oxygen (diff), % 14.97 20.40

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,559

MAF, Btw/lb

Alk. As Sodium 0.21 0.28

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS — FEEDER “A” SAMPLE (CONT’D)

Sample No. 11 (November 5, 1999; 23:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2611 | eeeem Moisture, % 26,11 | eeeee

Ash, % 13.99 18.93 | Carbon, % 41.53 56.20

Volatile, % 32.51 44.00 | Hydrogen, % 3.03 4.10

Fixed Carbon, % 27.39 37.07 | Nitrogen, % 0.58 0.78
100.00 100.00 | Sulfur, % 0.15 0.20

Ash, % 13.99 18.93

High Heating 6,961 9,421 Oxygen (diff), % 14.61 19.79

Value, Btw/lb

Sulfur, % 0.15 0.20 100.00- | 100.00

Heating Value 11,621

MAF, Btw/lb

Alk. As Sodium 0.23 0.31

Oxide

Sample No. 12 (November 6, 1999; 02:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2644 | -eee- Moisture, % 2644 | eeee-

Ash, % 16.01 21.77 | Carbon, % 39.60 53.84

Volatile, % 31.79 43.22 Hydrogen, % 2.89 3.93

Fixed Carbon, % 25.76 35.01 Nitrogen, % 0.57 0.78
100.00 100.00 | Sulfur, % 0.16 0.22

Ash, % 16.01 21.77

High Heating 6,628 9,010 Oxygen (diff), % 14.33 19.46

Value, Btuw/lb

Sulfur, % 0.16 0.22 100.00 100.00

Heating Value 11,517

MAF, Btu/lb

Alk. As Sodium 0.30 0.41

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 13 (November 6, 1999; 05:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2593 | eeme- Moisture, % 2593 | -—e-

Ash, % 16.92 22.84 Carbon, % 39.39 53.18

Volatile, % 31.70 42.80 Hydrogen, % 2.93 3.95

Fixed Carbon, % 2545 34.36 Nitrogen, % 0.57 0.77
100.00 100.00 | Sulfur, % 0.16 0.22

Ash, % 16.92 22.84

High Heating 6,589 8,895 Oxygen (diff), % 14.10 19.04

Value, Btw/lb

Sultur, % 0.16 0.22 100.00 100.00

Heating Value 11,528

MAF, Btw/lb

Alk. As Sodium 0.32 0.43

Oxide

Sample No. 14 (November 7, 1999; 02:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2639 | -mee- Moisture, % 26.39 | oeeee

Ash, % 18.62 25.30 | Carbon, % 37.91 51.5

Volatile, % 31.04 42.17 Hydrogen, % 2.78 3.78

Fixed Carbon, % 23.95 32.53 Nitrogen, % 0.54 0.73
100.00 100.00 | Sulfur, % 0.14 0.19

Ash, % 18.62 25.3

High Heating 6,331 8,601 Oxygen (diff), % 13.62 18.5

Value, Btuw/lb

Sulfur, % 0.14 0.19 100.00 100.00

Heating Value 11,514

MAF, Btw/lb

Alk. As Sodium 0.38 0.52

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 15 (November 7, 1999; 05:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2811 | emee- Moisture, % 2811 | -

Ash, % 12.90 17.95 Carbon, % 40.75 56.69

Volatile, % 31.90 44.37 | Hydrogen, % 3.08 4.29

Fixed Carbon, % 27.09 37.68 Nitrogen, % 0.56 0.78
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 12.90 17.95

High Heating 6,812 9,475 Oxygen (diff), % 14.45 20.08

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,548

MAF, Btw/lb

Alk. As Sodium 0.21 0.29

Oxide

Sample No. 16 (November 7, 1999; 08:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2743 | e Moisture, % 2743 | -

Ash, % 14.69 20.24 | Carbon, % 40.12 55.29

Volatile, % 31.63 43.58 | Hydrogen, % 2.96 4.08

Fixed Carbon, % 26.25 36.18 | Nitrogen, % 0.56 0.77
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 14.69 20.24

High Heating 6,684 9,211 Oxygen (diff), % 14.09 1941

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,548

MAF, Btw/1b

Alk. As Sodium 0.26 0.36

Oxide
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 17 (November 7; 14:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 28.62 |  eeme- Moisture, % 2862 | -

Ash, % 11.24 15.74 Carbon, % 41.56 58.22

Volatile, % 31.99 44.81 Hydrogen, % 3.08 4.32

Fixed Carbon, % 28.15 39.45 | Nitrogen, % 0.56 0.79
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 11.24 15.74

High Heating 6,920 9,694 Oxygen (diff), % 14.79 20.72

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,505

MAF, Btw/lb

Alk. As Sodium 0.17 0.24

Oxide

Sample No. 18 (November 7, 1999; 17:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2898 | ~eee- Moisture, % 2898 | -

Ash, % 13.20 18.59 Carbon, % 39.95 56.25

Volatile, % 31.38 44.19 Hydrogen, % 2.95 4.15

Fixed Carbon, % 26.44 37.22 | Nitrogen, % 0.56 0.79
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 13.20 18.59

High Heating 6,691 9,421 Oxygen (diff), % 14.21 20.01

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,572

MAF, Btw/lb

Alk. As Sodium 0.21 0.30

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 19 (November 7, 1999; 20:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 28.57 | eeem- Moisture, % 2857 | eeem-

Ash, % 13.37 18.72 | Carbon, % 40.21 56.29

Volatile, % 31.43 44.00 | Hydrogen, % 2.98 4.17

Fixed Carbon, % 26.63 37.28 | Nitrogen, % 0.56 0.78
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 13.37 18.72

High Heating 6,712 9,396 Oxygen (diff), % 14.16 19.83

Value, Btu/lb

Sulfur, % 0.15 0.21 100.00 100.00

High Heating Value 11,560

MAF, Btw/lb

Alk. As Sodium 0.22 0.30

Oxide

Sample No. 20 (November 7, 1999; 23:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 28.83 | aeee- Moisture, % 2883 | -

Ash, % 12.06 16.94 | Carbon, % 41.13 57.79

Volatile, % 31.66 44.48 | Hydrogen, % 2.98 4.19

Fixed Carbon, % 27.45 38.58 | Nitrogen, % 0.55 0.77
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 12.06 16.94

Heating Value 6,889 9,679 Oxygen (diff), % 14.30 20.10

MAF, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

High Heating 11,653

Value, MAF Btw/lb

Alk. As Sodium 0.19 0.27

Oxide
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 21 (November 8, 1999; 02:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2880 | ~ee-- Moisture, % 2880 |  e-me-

Ash, % 11.56 16.24 Carbon, % 41.40 58.14

Volatile, % 31.67 44 48 Hydrogen, % 3.02 4.24

Fixed Carbon, % 27.97 39.28 | Nitrogen, % 0.56 0.78
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 11.56 16.24

High Heating 6,923 9,724 Oxygen (diff), % 14.51 20.39

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,609

MAF, Btu/lb

Alk. As Sodium 0.18 0.25

Oxide

Sample No. 22 (November 8, 1999, 08:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 28.18 | ~eem- Moisture, % 28.18 | -eeee

Ash, % 13.52 18.82 Carbon, % 40.51 56.40

Volatile, % 31.46 43.80 Hydrogen, % 2.93 4.08

Fixed Carbon, % 26.84 37.38 | Nitrogen, % 0.55 0.76
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 13.52 18.82

High Heating 6,760 9,413 Oxygen (diff), % 14.16 19.73

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,595

MAF, Btw/lb

Alk. As Sodium 0.21 0.30

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 23 (November 8, 1999; 20:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 28.19 | aeemm Moisture, % 28.19 | emee-
Ash, % 10.91 15.19 Carbon, % 42.36 58.99
Volatile, % 32.18 44 81 Hydrogen, % 3.06 4.26
Fixed Carbon, % 28.72 40.00 Nitrogen, % 0.58 0.81
100.00 100.00 | Sulfur, % 0.15 0.21
Ash, % 10.91 15.19
High Heating 7,089 9,872 Oxygen (diff), % 14.75 20.54
Value, Btw/lb
Sulfur, % 0.15 0.21 100.00 100.00
Heating Value 11,640
MAF, Btw/lb
Alk. As Sodium 0.16 0.23
Oxide
Sample No. 24 (November 8, 1999, 23:00 hr)
Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 2631 | eeeme Moisture, % 2631 | eeeee
Ash, % 18.49 25.09 Carbon, % 38.46 52.19
Volatile, % 30.77 41.75 Hydrogen, % 2.72 3.69
Fixed Carbon, % 24 .43 33.16 | Nitrogen, % 0.57 0.77
100.00 100.00 | Sulfur, % 0.13 0.18
Ash, % 18.49 25.09
High Heating 6,379 8,656 Oxygen (diff), % 13.32 18.08
Value, Btw/lb
Sulfur, % 0.13 0.18 100.00 100.00
Heating Value 11,555
MAF, Btwlb
Alk. As Sodium 0.43 0.58

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 25 (November 9, 1999; 02:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 2778 | emee Moisture, % 2778 | eeeee
Ash, % 12.47 17.27 | Carbon, % 41.48 57.44
Volatile, % 31.92 44.20 | Hydrogen, % 2.94 4.07
Fixed Carbon, % 27.83 38.53 Nitrogen, % 0.58 0.81
100.00 100.00 | Suifur, % 0.14 0.20
Ash, % 12.47 17.27
High Heating 6,895 9,547 Oxygen (diff), % 14.61 20.21
Value, Btuw/lb
Sulfur, % 0.14 0.20 100.00 100.00
Heating Value 11,540
MAF, Btu/lb
Alk. As Sodium 0.19 0.27
Oxide
Sample No. 26 (November 9, 1999; 17:00 hr)
Proximate Analysis As Dry Ultimate Analysis As Dry
: Received | Basis Received Basis
Moisture, % 2808 | -ee-- Moisture, % 28.08 | eeeen
Ash, % 11.21 15.59 | Carbon, % 42.43 58.99
Volatile, % 32.08 44.61 Hydrogen, % 3.10 4.31
Fixed Carbon, % 28.63 39.80 Nitrogen, % 0.55 0.77
100.00 100.00 | Sulfur, % 0.17 0.23
Ash, % 11.21 15.59
High Heating 7,093 9,862 Oxygen (diff), % 14.46 20.11
Value, Btw/lb
Sultur, % 0.17 0.23 100.00 100.00
Heating Value 11,683
MAF, Btw/lb
Alk. As Sodium 0.18 0.25

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 27 (November 9, 1999; 20:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2765 | aeeen Moisture, % 27.65 | e

Ash, % 13.44 18.58 | Carbon, % 40.92 56.56

Volatile, % 31.60 43.68 | Hydrogen, % 3.00 4.15

Fixed Carbon, % 27.31 37.74 | Nitrogen, % 0.54 0.74
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 13.44 18.58

High Heating 6,907 9,547 Oxygen (diff), % 14.30 19.76

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,726

MAF, Btw/lb

Alk. As Sodium 0.23 0.31

Oxide

Sample No. 28 (November 9, 1999; 23:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2734 | eeeee Moisture, % 2734 | eemm-

Ash, % 12.87 17.71 Carbon, % 41.86 57.61

Volatile, % 31.72 43.65 Hydrogen, % 3.12 4.29

Fixed Carbon, % 28.07 38.64 | Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 12.87 17.71

High Heating 7,014 9,653 Oxygen (diff), % 14.12 19.43

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,730

MAF, Btw/lb

Alk. As Sodium 0.23 0.31

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 29 (November 10, 1999; 02:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2733 | eeee- Moisture, % 27.33 S —

Ash, % 13.43 18.48 Carbon, % 41.20 56.70

Volatile, % 3143 43.25 | Hydrogen, % 3.05 4.20

Fixed Carbon, % 27.81 38.27 Nitrogen, % 0.52 0.72
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 13.43 18.48

High Heating 6,964 9,583 Oxygen (diff), % 14.32 19.69

Value, Btu/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,755

MAF, Btw/lb

Alk. As Sodium 0.21 0.29

Oxide

Sample No. 30 (November 10, 1999; 11:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2779 | eeee- Moisture, % 2779 | -

Ash, % 11.08 15.35 Carbon, % 42.56 58.94

Volatile, % 31.85 4411 Hydrogen, % 3.18 4.40

Fixed Carbon, % 29.28 40.54 Nitrogen, % 0.55 0.76
100.00 100.00 | Sulfur, % 0.17 0.23

Ash, % 11.08 15.35

High Heating 7,155 9,909 Oxygen (diff), % 14.67 20.32

Value, Btu/lb

Sulfur, % 0.17 - 0.23 100.00 100.00

Heating Value 11,706

MAF, Btw/lb

Alk. As Sodium 0.19 0.26

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 31 (November 10, 1999; 14:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2787 | - Moisture, % 2787 | -

Ash, % 10.88 15.08 Carbon, % 42.56 59.01

Volatile, % 31.92 44.26 Hydrogen, % 3.24 4.49

Fixed Carbon, % 29.33 40.66 Nitrogen, % 0.56 0.78
100.00 100.00 | Sulfur, % 0.17 0.23

Ash, % 10.88 15.08

High Heating 7,164 9,932 Oxygen (diff), % 14.72 20.41

Value, Btw/lb

Sulfur, % 0.17 0.23 100.00 100.00

Heating Value 11,696

MAF, Btw/lb

Alk. As Sodium 0.18 0.25

Oxide

Sample No. 32 (November 10, 1999; 17:00 hr) ~

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2724 | eeee- Moisture, % 2724 | eeee-

Ash, % 11.58 15.91 Carbon, % 42.55 58.48

Volatile, % 31.98 43.95 Hydrogen, % 3.21 441

Fixed Carbon, % 29.20 40.14 Nitrogen, % 0.55 0.76
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 11.58 15.91

High Heating 7,168 9,851 Oxygen (diff), % 14.72 20.23

Value, Btw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,715

MAF, Btw/lb

Alk. As Sodium 0.20 0.28

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 33 (November 10, 1999; 23:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 27177 | - Moisture, % 2777 | e
Ash, % 12.37 17.13 Carbon, % 41.69 57.72
Volatile, % 31.65 43.82 | Hydrogen, % 3.13 4.34
Fixed Carbon, % 28.21 39.05 Nitrogen, % 0.53 0.73
100.00 100.00 | Sulfur, % 0.15 0.21
Ash, % 12.37 17.13
High Heating 7,032 9,736 Oxygen (diff), % 14.36 19.87
Value, Btw/lb ;_
Sulfur, % 0.15 0.21 100.00 100.00
Heating Value 11,749
MAF, Btuw/lb
Alk. As Sodium 0.23 0.32
Oxide
Sample No. 34 (November 11, 1999; 05:00 hr)
Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 2746 | - Moisture, % 2746 | -
Ash, % 13.30 18.33 Carbon, % 4141 57.09
Volatile, % 31.57 43.52 | Hydrogen, % 3.00 4.13
Fixed Carbon, % 27.67 38.15 | Nitrogen, % 0.52 0.72
100.00 100.00 | Sulfur, % 0.16 0.22
Ash, % 13.30 18.33
High Heating 6,924 9,545 Oxygen (diff), % 14.15 19.51
Value, Btw/lb
Sulfur, % 0.16 0.22 100.00 100.00
Heating Value 11,687
MAF, Btw/lb
Alk. As Sodium 0.32 0.44

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 35 (November 11, 1999; 08:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2728 | eeem- Moisture, % 2728 | eeee-

Ash, % 12.68 17.43 Carbon, % 41.40 56.93

Volatile, % 31.77 43.69 | Hydrogen, % 3.12 4.29

Fixed Carbon, % 28.27 38.88 Nitrogen, % 0.54 0.74
100.00 100.00 | Sulfur, % 0.16 0.22

Ash, % 12.68 17.43

High Heating 7.012 | 9,643 Oxygen (diff), % 14.82 20.39

Value, Btw/lb

Sulfur, % 0.16 0.22 100.00 100.00

Heating Value 11,679

MAF, Btw/lb

Alk. As Sodium 0.22 0.30

Oxide

Sample No. 36 (November 11, 1999; 17:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2739 | e---- Moisture, % 2739 | eemee

Ash, % 13.72 18.89 | Carbon, % 40.59 55.90

Volatile, % 31.56 43.47 | Hydrogen, % 2.98 4.11

Fixed Carbon, % 27.33 37.64 Nitrogen, % 0.54 0.74
100.00 100.00 | Sulfur, % 0.17 0.23

Ash, % 13.72 18.89

High Heating 6,824 9,398 Oxygen (diff), % 14.61 20.13

Value, Btw/lb

Sulfur, % 0.17 0.23 100.00 100.00

Heating Value 11,587

MAF, Buw/lb

Alk. As Sodium 0.24 0.34

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 37 (November 11, 1999; 20:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 2742 | eeeee Moisture, % 2742 | eeeee
Ash, % 15.30 21.08 | Carbon, % 39.79 54.82
Volatile, % 31.02 42.74 Hydrogen, % 292 4.02
Fixed Carbon, % 26.26 36.18 Nitrogen, % 0.53 0.73
100.00 100.00 | Sulfur, % 0.16 0.22
Ash, % 15.30 21.08
High Heating 6,651 9,164 Oxygen (diff), % 13.88 19.13
Value, Btu/lb
Sulfur, % 0.16 0.22 100.00 100.00
Heating Value 11,612
MAF, Btw/lb
Alk. As Sodium 0.28 0.39
Oxide
Sample No. 38 (November 12, 1999; 05:00 hr)
Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received | Basis
Moisture, % 2877 | - Moisture, % 2877 | eeme-
Ash, % 11.77 16.52 | Carbon, % 41.11 57.72
Volatile, % 31.49 44.21 Hydrogen, % 2.98 4.19
Fixed Carbon, % 27.97 39.27 Nitrogen, % - 053 0.75
100.00 100.00 | Sulfur, % 0.15 0.21
Ash, % 11.77 16.52
High Heating 6,869 9,644 Oxygen (diff), % 14.69 20.61
Value, Btu/lb
Sulfur, % 0.15 0.21 100.00 100.00
Heating Value 11,552
MAF, Btu/lb
Alk. As Sodium 0.20 0.27

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 39 (November 12, 1999; 08:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 2831 | ----- Moisture, % 2831 | e
Ash, % 12.92 18.02 Carbon, % 40.62 56.66
Volatile, % 31.59 44.06 Hydrogen, % 2.98 416
Fixed Carbon, % 27.18 37.92 Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.15 0.21
Ash, % 12.92 18.02
High Heating 6,776 9,452 Oxygen (diff), % 14.48 20.20
Value, Btw/lIb
Sulfur, % 0.15 0.21 100.00 100.00
Heating Value 11,530
MAF, Btw/lb
Alk. As Sodium 0.21 0.29
Oxide
Sample No. 40 (November 12, 1999; 11:00 hr)
Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 2772 | - Moisture, % 2772 | emee-
Ash, % 13.54 18.73 Carbon, % 40.92 56.61
Volatile, % 31.58 43.69 Hydrogen, % 2.98 4.12
Fixed Carbon, % 27.16 37.58 | Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.14 0.20
Ash, % 13.54 18.73
High Heating 6,785 9,387 Oxygen (diff), % 14.16 19.59
Value, Btu/lb
Sulfur, % 0.14 0.20 100.00 100.00
Heating Value 11,550
MAF, Btw/1b
Alk. As Sodium 0.24 0.33

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 41 (November 13, 1999; 02:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2834 | ----- Moisture, % 2834 | --e--

Ash, % 11.97 16.71 Carbon, % 41.46 57.86

Volatile, % 31.59 44.08 Hydrogen, % 2.96 4.13

Fixed Carbon, % 28.10 39.21 Nitrogen, % 0.53 0.74
100.00 100.00 | Sulfur, % 0.15 0.21

Ash, % 11.97 16.71

High Heating 6,906 9,637 Oxygen (diff), % 14.59 20.35

Value, Btuw/lb

Sulfur, % 0.15 0.21 100.00 100.00

Heating Value 11,570

MAF, Btw/lb

Alk. As Sodium 0.19 0.27

Oxide

Sample No. 42 (November 13, 1999; 05:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry

' Received | Basis Received | Basis

Moisture, % 2831 | eeem- Moisture, % 2831 | eeem-

Ash, % 12.02 16.76 | Carbon, % 41.37 57.70

Volatile, % 31.67 44.18 | Hydrogen, % 3.00 4.19

Fixed Carbon, % 28.00 39.06 Nitrogen, % 0.54 0.76
100.00 100.00 | Sulfur, % 0.16 0.22

Ash, % 12.02 16.76

High Heating 6,915 9,645 Oxygen (diff), % 14.60 20.37

Value, Btw/lb

Sulfur, % 0.16 0.22 100.00 100.00

Heating Value 11,587

MAF, Btw/lb

Alk. As Sodium 0.20 0.28

Oxide

Stone & Webster
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 43 (November 13, 1999; 08:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 28.75 | am--- Moisture, % 2875 | eeem-
Ash, % 12.53 17.59 | Carbon, % 41.00 57.54
Volatile, % 31.41 44.08 | Hydrogen, % 2.90 4.07
Fixed Carbon, % 27.31 38.33 | Nitrogen, % 0.53 0.74
100.00 100.00 | Sulfur, % 0.17 0.24
Ash, % 12.53 17.59
High Heating 6,849 9,612 Oxygen (diff), % 14.12 19.82
Value, Btw/lb
Sulfur, % 0.17 0.24 100.00 100.00
Heating Value 11,664
MAF, Btu/lb
Alk. As Sodium 0.21 0.30
Oxide
Sample No. 44 (November 13, 1999; 14:00 hr)
Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 2854 | - Moisture, % 28.54 | weeem
Ash, % 12.26 17.15 Carbon, % 40.81 57.11
Volatile, % 31.55 44.15 | Hydrogen, % 2.94 4.11
Fixed Carbon, % 27.65 38.70 Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.16 0.23
Ash, % 12.26 17.15
High Heating 6,799 9,515 Oxygen (diff), % 14.75 20.65
Value, Btw/lb
Sulfur, % 0.16 0.23 100.00 100.00
Heating Value 11,485
MAF, Btw/lb
Alk. As Sodium 0.20 0.28

Oxide

Stone & Webster

Page C-22




DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 45 (November 13, 1999; 17:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received | Basis

Moisture, % 2837 | eeee- Moisture, % 2837 | eeee-

Ash, % 12.54 17.50 | Carbon, % 41.01 57.25

Volatile, % 31.61 44.13 | Hydrogen, % 2.96 4.13

Fixed Carbon, % 2748 38.37 Nitrogen, % 0.54 0.75
100.00 | 100.00 | Sultur, % 0.17 0.24

Ash, % 12.54 17.50

High Heating 6.813 9,511 Oxygen (diff), % 14.41 20.13

Value, Btu/lb

Sulfur, % 0.17 0.24 100.00 100.00

Heating Value 11,528

MAF, Btw/lb

Alk. As Sodium 0.21 0.29

Oxide

Sample No. 46 (November 13, 1999; 20:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2854 | -me-- Moisture, % 2854 | -

Ash, % 12.68 17.74 | Carbon, % 40.70 56.95

Volatile, % 31.57 44.18 | Hydrogen, % 2.94 4.12

Fixed Carbon, % 27.21 38.08 | Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.17 0.24

Ash, % 12.68 17.74

High Heating 6,808 9,527 Oxygen (diff), % 14.43 20.20

Value, Btw/lb

Sulfur, % 0.17 0.24 100.00 100.00

Heating Value 11,582

MAF, Btu/lb

Alk. As Sodium 0.23 0.32

Oxide
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 47 (November 13, 1999; 23:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2821 | eeee- Moisture, % 2821 | -----

Ash, % 12.18 16.96 | Carbon, % 41.19 57.37

Volatile, % 31.58 43.99 | Hydrogen, % 3.01 4.19

Fixed Carbon, % 28.03 39.05 Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.17 0.23

Ash, % 12.18 16.96

High Heating 6,905 9,618 Oxygen (diff), % 14.70 20.50

Value, Btu/lb

Sulfur, % 0.17 0.23 100.00 100.00

Heating Value 11,582

MAF, Btw/1b

Alk. As Sodium 0.20 0.28

Oxide

Sample No. 48 (November 14, 1999; 02:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2845 | -eee- Moisture, % 2845 | aeemn

Ash, % 12.45 17.40 Carbon, % 40.92 57.19

Volatile, % 31.36 43.83 Hydrogen, % 2.97 4.15

Fixed Carbon, % 27.74 38.77 | Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.18 0.25

Ash, % 12.45 17.40

High Heating 6,851 9,575 Oxygen (diff), % 14.49 20.26

Value, Btw/lb

Sulfur, % 0.18 0.25 100.00 100.00

Heating Value 11,592

MAF, Btw/lb

Alk. As Sodium 0.21 0.29

Oxide
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 49 (November 14, 1999; 05:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 28.06 | ee--- Moisture, % 2806 | ~eee-
Ash, % 12.48 17.35 Carbon, % 41.13 57.17
Volatile, % 31.68 44.03 | Hydrogen, % 3.01 4.18
Fixed Carbon, % 27.78 38.62 | Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.17 0.23
Ash, % 12.48 17.35
High Heating 6,913 9,610 Oxygen (diff), % 14.61 20.32
Value, Btw/lb
Sulfur, % 0.17 0.23 100.00 100.00
Heating Value 11,627
MAF, Btw/l1b
Alk. As Sodium 0.21 0.29
Oxide
Sample No. 50 (November 14, 1999; 08:00 hr)
Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis
Moisture, % 27.87 —— Moisture, % 2787 | e
Ash, % 12.23 16.95 Carbon, % 41.34 57.32
Volatile, % 31.72 43.98 Hydrogen, % 3.03 420
Fixed Carbon, % 28.18 39.07 Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.17 0.23
Ash, % 12.23 16.95
High Heating 6,954 9,641 Oxygen (diff), % 14.82 20.55
Value, Btw/lb
Sulfur, % 0.17 0.23 100.00 100.00
Heating Value 11,609
MAF, Btw/lb
Alk. As Sodium 0.20 0.28

Oxide
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 51 (November 14, 1999; 23:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2820 | ----- Moisture, % 2820 | eeee-

Ash, % 11.68 16.27 Carbon, % 41.67 58.03

Volatile, % 31.78 44.26 Hydrogen, % 2.98 4.15

Fixed Carbon, % 28.34 39.47 | Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.17 0.23

Ash, % 11.68 16.27

High Heating 7,003 9,754 Oxygen (diff), % 14.76 20.57

Value, Btw/lb

Sulfur, % 0.17 0.23 100.00 100.00

Heating Value 11,649

MAF, Btw/lb

Alk. As Sodium 0.20 0.27

Oxide

Sample No. 52 (November 15, 1999; 02:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2805 | ----- Moisture, % 28.05 | eee-

Ash, % 12.12 16.85 Carbon, % 41.49 57.66

Volatile, % 31.72 44.08 | Hydrogen, % 3.01 4.18

Fixed Carbon, % 28.11 39.07 | Nitrogen, % 0.53 0.74
100.00 100.00 | Sulfur, % 0.17 0.23

Ash, % 12.12 16.85

High Heating 6,944 9,651 Oxygen (diff), % 14.63 20.34

Value, Btu/lb

Sulfur, % 0.17 0.23 100.00 100.00

Heating Value 11,607

MAF, Btw/lb

Alk. As Sodium 0.20 0.28

Oxide
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

COAL ANALYSIS - FEEDER “A” SAMPLE (CONT’D)

Sample No. 53 (November 15, 1999; 05:00 hr)

Proximate Analysis As Dry Ultimate Analysis As Dry
Received | Basis Received Basis

Moisture, % 2839 | eee- Moisture, % 2839 | eeee-

Ash, % 11.01 15.37 Carbon, % 42.03 58.69

Volatile, % 31.81 44.42 | Hydrogen, % 3.02 4.22

Fixed Carbon, % 28.79 40.21 Nitrogen, % 0.54 0.75
100.00 100.00 | Sulfur, % 0.16 0.22

Ash, % 11.01 15.37

High Heating 6,997 9,771 Oxygen (diff), % 14.85 20.75

Value, Btuw/lb ‘

Sulfur, % 0.16 0.22 100.00 100.00

Heating Value ' 11,546

MAF, Btwlb

Alk. As Sodium 0.18 0.26

Oxide
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT

HEALY CLEAN COAL PROJECT

ASH ANALYSIS
Weight Percent — Ignited Basis
Sample Number 1 2 3 4 5 6 7 8 9 10 11 12

11703/99; | 11/03/99; | 11/03/99; | 11/04/99; | 11/04/99; | 11/04/99; | 11/04/99; | 11/04/99; | 11/05/99, | 11/05/99, | 11/05/99; | 11/06/99;

08:00 hr | 12:00hr | 16:00hr | 08:00hr | 12:00hr | 16:00hr | 20:00hr | 24:00hr | 04:00hr { 08:00 hr | 23:00 hr | 02:00 hr
Constituent
Silicon dioxide 63.62 62.44 62.00 55.93 56.36 54.13 53.08 52.57 52.58 54.50 56.99 58.25
Aluminum oxide 13.77 14.42 15.09 15.12 15.37 17.15 16.27 16.96 16.27 16.03 16.94 13.20
Titanium dioxide 0.61 0.63 0.58 0.64 0.67 0.68 0.75 0.69 0.68 0.69 0.73 0.63
fron oxide 4.76 4.85 4.66 6.07 5.35 5.33 5.62 5.75 5.80 5.69 4.94 5.59
Calcium oxide 10.09 10.59 10.51 13.98 13.99 14.34 15.44 15.35 15.86 14.67 12.68 13.98
Magnesium oxide 2.01 2.02 1.79 2.41 2.43 247 2.80 277 2.72 2.55 2.36 238
Potassium oxide 1.76 1.73 1.63 1.54 1.61 1.53 1.56 1.51 1.53 1.59 1.61 1.57
Sodium oxide 0.80 0.68 0.94 0.66 0.68 0.63 0.61 0.50 0.67 0.62 0.57 0.86
Sulfur trioxide 1.89 1.93 2.06 2.81 2.70 291 2.97 2.98 2.99 2,78 2.36 2.73
Phosphorus pentoxide 0.19 0.19 0.22 0.25 0.24 0.25 0.27 0.28 0.27 0.27 0.25 0.21
Strontium oxide 0.10 0.10 0.10 0.11 0.11 0.10 0.11 0.11 0.11 0.11 0.11 0.11
Barium oxide 0.36 0.39 0.39 043 0.45 0.44 0.48 0.49 0.48 046 0.43 0.45
Manganese oxide 0.04 0.03 0.03 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.04
Undetermined 0.00 0.00 0.00 0.00 0.00 0.00 .0.00 0.00 0.00 0.00 0.00 0.00

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Silica Value 79.05 78.15 78.52 71.35 72.14 70.97 68.99 68.77 68.32 70.40 74.04 72.63
Base: Acid Ratio 0.2 0.26 0.25 0.34 0.33 0.34 0.37 0.37 0.38 0.35 0.30 0.34
T,s0 Temperature 2664°F 2643°F 2656°F 2487°F 2504°F 2496°F | 2448°F 2451°F 2433°F 2474°F 2564°F 2495°F
Type of Ash Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic
Fouling Index 0.80 0.68 0.94 0.66 0.68 0.63 0.61 0.50 0.67 0.62 0.57 0.86
Slagging Index XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
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SDA SYSTEM

DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

ASH ANALYSIS
Weight Percent — Ignited Basis
Sample Number 13 14 15 16 17 18 19 20 21 22 23 24

11/06/99; | 11/07/99; | 11/07/99; | 11/07/99; | 11/07/99; | 11/07/99; | 11/07/99; | 11/07/99; | 11708799, | 11/08/99, | 11/08/99; | 11/08/99;

05:00hr | 02:00hr | 05:00hr | 08:00hr | 14:00hr | 17:00hr | 20:00hr | 23:00hr | 02:00hr | 08:00 hr | 20:00 hr | 23:00 hr
Constituent
Silicon dioxide 62.58 62.29 55.87 57.64 51.66 56.64 56.64 55.51 54.66 57.13 48.59 56.12
Aluminum oxide 15.92 15.28 17.51 15.64 17.06 15.56 15.71 15.22 16.59 17.36 18.22 15.67
Titanium dioxide 0.70 0.63 0.72 0.73 0.74 0.76 0.73 0.71 0.71 0.73 0.76 0.91
Iron oxide 4.46 4.88 5.11 5.32 5.74 5.24 5.34 5.50 5.36 4.89 5.95 7.31
Calcium oxide 9.37 9.70 12.99 12.65 15.99 13.46 13.41 14.55 14.52 12.40 17.13 11.38
Magnesium oxide 1.89 2.02 2.36 2.52 2.82 2.62 2.50 2.68 2.51 222 3.02 3.40
Potassium oxide 1.80 1.86 1.67 1.74 1.59 1.74 1.70 1.64 1.61 1.68 1.52 1.64
Sodium oxide 0.71 0.84 0.49 0.62 047 0.47 0.50 0.50 0.47 048 0.51 1.24
Sulfur trioxide 1.82 1.72 248 232 3.01 2.69 2.60 2.80 274 2.34 3.35 1.60
Phosphorus pentoxide 0.23 0.22 0.22 0.25 0.27 0.25 0.25 0.20 0.24 0.21 0.29 0.20
Strontium oxide 0.10 0.10 0.11 0.11 0.11 0.11 0.11 0.12 0.11 0.10 0.11 0.10
Barium oxide 0.39 0.38 0.44 0.43 0.51 0.43 0.48 0.46 0.44 042 0.51 0.36
Manganese oxide 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.04
Undetermined 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.03

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Silica Value 79.92 78.96 73.20 73.77 67.79 72.65 72.72 70.95 70.94 74.54 65.06 71.76
Base: Acid Ratio 0.23 0.25 0.31 0.31 0.38 0.32 0.32 0.35 0.34 0.29 0.42 0.34
Taso Temperature 2728°F 2671°F | 2548°F 2543°F | 2432°F 2510°F | 2515°F 2480°F | 2493°F 2578°F 2391°F 2487°F
Type of Ash Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic
Fouling Index 0.71 0.84 0.49 0.62 047 0.47 0.50 0.50 0.47 0.48 0.51 1.24
Slagging Index XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

ASH ANALYSIS
Weight Percent - Ignited Basis
Sample Number 25 26 27 28 29 30 31 32 33 34 35 36

11/09/99; | 11/09/99; | 11/09/99; | 11/09/99; | 11/10/99; | 11/10/99; | 11/10/99; | 11/10/99; | 11/10/99, | 11/11/99, | 11/11/99; | 11/11/99;

02:00hr | 17:00hr | 20:00hr | 23:00hr | 02:00hr | 11:00hr | 14:00hr | 17:00hr | 23:00hr | 05:00 hr | 08:00hr | 17:00 hr
Constituent
Silicon dioxide 55.61 54.30 59.29 58.14 59.16 54.35 53.46 57.35 56.28 57.56 60.01 58.65
Aluminum oxide 15.75 15.09 13.68 14.12 14.47 14.79 14.55 13.16 15.23 13.46 15.38 14.54
Titanium dioxide 0.71 0.68 0.73 0.73 0.67 0.66 0.69 0.66 0.60 0.63 0.75 0.64
Tron oxide 5.46 5.76 5.16 5.36 5.11 5.83 6.05 542 5.48 5.75 4.83 5.35
Calcium oxide 14.26 15.79 13.45 13.54 12.87 15.65 16.43 15.17 14.12 13.77 11.37 13.00
Magnesium oxide 2.55 2.54 2.34 2.33 2.10 2.59 2.72 252 222 2.37 241 227
Potassium oxide 1.65 1.52 1.67 1.67 1.50 1.50 1.54 1.56 1.55 1.97 1.78 1.62
Sodium oxide 0.45 0.60 0.59 0.65 0.59 0.72 0.63 0.71 0.85 1.10 0.53 0.71
Sulfur trioxide 2.68 2.85 2.32 2.69 2.76 3.05 3.09 2.61 2.90 2.55 2.12 247
Phosphorus pentoxide 0.27 0.21 0.18 0.19 0.19 0.23 0.21 0.21 0.18 0.20 0.27 0.21
Strontium oxide 0.11 0.11 0.11 0.11 0.10 0.11 0.11 0.12 0.10 0.11 0.11 0.11
Barium oxide 0.46 0.50 0.44 0.43 0.44 0.48 0.48 0.47 0.45 0.49 0.41 0.39
Manganese oxide 0.04 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.04
Undetermined 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Silica Value 71.40 69.27 73.89 73.25 74.66 69.31 67.96 71.28 72.06 72.45 76.33 73.99
Base: Acid Ratio 0.34 0.37 0.31 0.32 0.30 0.38 0.40 0.36 0.34 0.35 0.27 0.31
T,so Temperature 2495°F 2444°F | 2531°F | 2510°F 2564°F | 2441°F | 2413°F 2468°F | 2499°F 2480°F | 2603°F | 2540°F
Type of Ash Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic
Fouling Index 0.45 0.60 0.59 0.65 0.59 0.72 0.63 0.71 0.85 1.10 0.53 0.71
Slagging Index XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

ASH ANALYSIS
Weight Percent — Ignited Basis
Sample Number 37 38 39 40 4] 42 43 44 45 46 47 48

T/11/99; | 11/12/99; | 11/12/99; | 11/12/99; | 11/13/99; | 11/13/99; | 11/13/99; | 11/13/99; | 11/13/99, | 11/13/99, | 11/13/99; | 11/14/99;

20:00hr | 05:00hr | 08:00hr | 11:00hr | 02:00hr | 05:00hr { 08:00hr | 14:00hr | 17:00 hr | 20:00hr | 23:00hr | 02:00 hr
Constituent
Silicon dioxide 62.70 56.28 58.41 58.92 55.22 54.95 55.21 55.88 55.26 54.07 54.63 56.16
Aluminum oxide 13.03 12.70 12.59 13.51 14.36 14.32 13.85 13.37 14.12 14.72 13.67 13.54
Titanium dioxide 0.62 0.62 0.56 0.62 0.59 0.62 0.60 0.64 0.65 0.64 0.65 0.62
Iron oxide 4.94 5.94 6.11 5.30 6.03 6.13 6.19 6.26 6.20 6.60 6.38 6.29
Calcium oxide 11.53 15.89 14.30 13.43 15.28 15.60 15.02 15.13 1522 14.97 15.54 1477
Magnesium oxide 2.12 2.68 241 2.40 2.54 2.74 2.71 2.80 2.75 2.78 2.86 2.62
Potassium oxide 1.71 1.54 1.51 1.65 1.52 1.54 1.54 1.54 1.56 1.55 1.51 1.61
Sodium oxide 0.71 0.65 0.64 0.66 0.61 0.63 0.69 0.61 0.61 0.76 0.66 0.60
Sultur trioxide 1.90 2.85 2.65 2.73 2,96 2.55 3.28 2.85 2.75 3.00 3.21 291
Phosphorus pentoxide 0.18 0.18 0.21 0.18 0.20 0.21 0.19 0.20 0.19 0.20 0.20 0.19
Strontium oxide 0.11 0.12 0.11 0.11 0.11 0.12 0.12 0.12 0.11 0.11 0.11 0.11
Barium oxide 0,41 0.51 0.45 0.45 0.53 0.54 0.55 0.56 0.53 0.55 0.53 0.54
Manganese oxide 0.04 0.04 0.05 0.04 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.04
Undetermined 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Silica Value 77.13 69.66 71.91 73.60 69.84 69.19 69.77 69.79 69.57 68.95 68.79 70.34
Base: Acid Ratio 0.28 0.38 0.35 0.32 0.37 0.38 0.38 0.38 0.38 0.38 0.39 0.37
Tyso Temperature 2603°F 2431°F 2479°F 2515°F 2449°F 2435°F 2442°F 2440°F 2441°F 2431°F 2422°F 2452°F
Type of Ash Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic | Lignitic
Fouling Index 0.71 0.65 0.64 0.66 0.61 0.63 0.69 0.61 0.61 0.76 0.66 0.60
Slagging Index XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
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SDA SYSTEM

DEMONSTRATION PROGRAM TEST REPORT

HEALY CLEAN COAL PROJECT

ASH ANALYSIS
Weight Percent — Ignited Basis
Sample Number 49 50 51 52 53

11/14/99; | 11/14/99; | 11/14/99; | 11/15/99; | 11/15/99;

05:00hr | 08:00 hr | 23:00hr | 02:00 hr | 05:00 hr
Constituent )
Silicon dioxide 55.96 54.74 52.93 54.77 54.94
Aluminum oxide 13.92 15.75 14.69 13.98 12,77
Titanium dioxide 0.66 0.66 0.62 0.60 0.61
Iron oxide 6.01 5.96 6.54 6.26 6.49
Calcium oxide 14.88 14.61 16.00 15.37 16.52
Magnesium oxide 2.68 2.61 2.68 2.63 2.89
Potassium oxide 1.56 1.48 1.51 1.56 1.55
Sodium oxide 0.65 0.65 0.69 0.65 0.65
Sulfur trioxide 2.83 2.70 3.47 3.34 2.66
Phosphorus pentoxide 0.20 0.19 0.17 0.17 0.19
Strontium oxide 0.11 0.11 0.11 0.11 0.12
Barium oxide 0.50 0.50 0.54 0.51 0.56
Manganese oxide 0.04 0.04 0.05 0.05 0.05
Undetermined 0.00 0.00 0.00 0.00 0.00

100.00 100.00 100.00 100.00 100.00
Silica Value 70.36 70.25 67.73 69.30 67.96
Base: Acid Ratio 0.37 0.36 0.40 0.38 0.41
T,so Temperature 2456°F | 2469°F | 24.09°F | 2434°F 2397°F
Type of Ash Lignitic | Lignitic | Lignitic | Lignitic | Lignitic
Fouling Index 0.65 0.65 0.69 0.65 0.65
Slagging Index XXXX XXXX XXXX XXXX XXXX
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HEALY CLEAN COAL PROJECT

SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT

LIMESTONE - CHEMICAL ANALYSIS

Percent Dry Basis
Sample No. 1 2 3 4 5
06/08/99; 06/09/99; 06/09/99; 06/10/99; 06/10/99;
08:00 hr 04:00 hr 18:00 hr 04:00 hr 14:00 hr
Parameter
Calcium, Ca 38.93 39.59 39.80 39.70 39.58
Carbonate, CO; 59.22 59.13 58.70 58.85 59.15
Magnesium, Mg 042 0.30 0.34 0.35 0.33
Inerts 1.19 0.60 0.55 0.54 0.53

Note: Results are reported in weight percent on a dry basis.
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SDA SYSTEM

DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

LIMESTONE —- PARTICLE SIZE DISTRIBUTION

Percent Weight
Sample No. 1 2 3 4 5 6 7 8
06/08/99; | 06/08/99; | 06/09/99; | 06/09/99; | 06/10/99; | 06/10/99; | 06/11/99; 06/11/99;
08:00 hr 12:00 hr | 04:00 hr 18:00 hr 04:00 hr 14:00 hr 04:00 hr 14:00 hr
Retained On
+ 80 Mesh 0.08 0.11 0.20 0.17 0.11 0.16 0.02 0.14
+ 100 Mesh 1.05 0.99 1.06 1.07 1.08 1.00 0.79 0.98
+ 140 Mesh 3.06 3.12 3.31 3.13 3.52 3.19 298 3.44
+ 200 Mesh 8.10 8.40 8.76 8.09 10.86 8.41 8.36 9.29
+ 270 Mesh 60.94 63.12 60.91 59.64 63.02 56.53 53.60 59.63
+ 325 Mesh 0.13 0.09 0.11 0.09 0.11 13.54 3.12 3.99
- 325 Mesh 26.64 24.17 25.65 27.81 21.30 17.17 31.13 22.53
Total | 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

SDA FEED SLURRY

Test No. Date Time Analysis Report No Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; ¢ CaS0, « 2H,0 Total Acid

Oxide, CaO Ca Mg CO, SO, 12H0 Solid Insoluble
1.1 11/03/99 1600 04-1216-01 2195 15.67 1.47 4.45 2.51 1.96 Not Detected Not Detected 43.87 48.18
Average 21.95 15.67 1.47 4.45 2.51 1.96 43.87 48.18
2.1 11/04/99 0800 04-1216-06 20.11 14.36 1.34 4.40 222 1.71 Not Detected Not Detected 42.09 48.68
22 11/04/99 1200 04-1216-05 20.64 14.74 1.33 4.43 4.43 1.90 Not Detected Not Detected 60.24 45.47
23 11/04/99 1600 04-1216-04 21.83 15.59 1.38 4.69 2.38 2.06 Not Detected Not Detected 49.16 47.89
24 11/04/99 2000 04-1216-03 22.09 15.78 1.43 4.73 243 2.04 Not Detected Not Detected 48.60 47.06
2.5 11/04/99 2400 04-1216-02 2146 15.33 1.34 4.82 2.64 1.80 Not Detected Not Detected 4823 47.56
Average 2123 15.16 1.36 4.61 2.82 1.90 Not Detected Not Detected 49.66 4733
3.1 11/05/99 0400 04-1216-09 21.77 15.55 1.40 5.03 2.44 1.68 Not Detected Not Detected 51.37 46.72
32 11/05/99 0800 04-1216-08 21.84 15.59 1.44 4.46 2.95 1.96 Not Detected Not Detected 53.54 46.80
33 11/05/99 2300 04-1216-07 21.38 15.27 1.57 5.09 392 2.09 <3.007 Not Detected 4527 46.56
Average 21.66 15.47 1.47 4.86 3.1 191 50.06 46.69
4.1 11/06/99 0200 04-1216-10 21.77 15.54 147 5.48 2.34 1.88 <3.00? Not Detected 44,89 47.90
4.2 11/06/99 0500 04-1216-11 20.85 14.89 1.45 5.28 2.09 1.52 <3.00? Not Detected 47.37 49.17
Average 2131 1522 1.46 538 222 1.7 46.13 48.54
5.1 11/07/99 0200 04-1216-14 19.46 13.90 1.39 4.25 2.03 1.17 <3.00 Not Detected 51.53 52.88
5.2 11/07/99 0500 04-1216-15 18.56 13.25 1.25 4.15 2.65 1.17 Not Detected Not Detected 63.73 51.51
5.3 1107/99 0800 04-1216-12 20.19 14.41 1.40 440 1.87 1.22 Not Detected Not Detected 4981 52.24
54 11/07/99 1400 04-1216-13 20.44 14.60 1.39 4.50 3.04 133 Not Detected Not Detected 63.52 50.11
5.5 11/07/99 1700 04-1216-17 20.53 14.66 1.46 4.57 240 1.59 Not Detected Not Detected 57.93 50.00
5.6 11/07/99 2000 04-1216-16 20.38 14.55 1.39 4.52 243 1.58 <3.00? Not Detected 59.20 50.21
5.7 11/07/99 2300 04-1216-18 20.71 14.79 147 4.69 222 1.40 Not Detected Not Detected 54.68 47.11
Average 20.04 14.31 1.39 4.44 2.38 1.35 57.2 50.58
6.1 11/08/99 0200 04-1216-22 20,72 14.80 1.43 4.69 2.64 1.83 <3.00 Not Detected 54.05 49.42
6.2 11/08/99 0500 04-1216-21 19.37 13.83 1.34 4.19 2.34 1.28 Not Detected Not Detected 52.58 49.00
6.3 11/08/99 0800 04-1216-23 21.09 15.06 1.40 4.54 2.08 1.74 <3.00 Not Detected 49.07 47.23
6.4 11/08/99 2000 04-1216-20 22.29 15.92 1.49 4.76 227 2.15 Not Detected Not Detected 49.01 47.03
6.5 11/08/99 2300 04-1216-19 22.20 15.85 1.55 4.56 2.23 1.53 <3.007 Not Detected 48.33 46.71
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Test No. Date Time Analysis Report No Parameters
Calcium Calctum, Magnesium, | Sulfite, SO, | Carbonate, Sulfate, CaSO; e CaSO, « 2H,0 Total Acid

Oxide, CaO Ca Mg COs SOy 12H,0 Solid Insoluble
Average 21.13 15.09 1.44 4.55 2.31 1.71 50.61 47.88
7.1 11/09/99 0200 04-1216-25 22.04 15.74 1.49 4.53 2.76 1.89 Not Detected Not Detected 46.91 44,12
7.2 11/09/99 1700 04-1216-26 2322 16.58 1.61 5.09 426 1.07 <3.00 Not Detected 61.18 45,18
73 11/09/99 2000 04-1216-24 22.49 16.06 1.56 5.20 229 1.77 Not Detected Not Detected 49.19 44.98
74 11/09/99 2300 04-1216-27 23.11 16.50 1.62 5.24 2.52 1.79 <5.00 Not Detected 46.26 45.86
Average 2272 16.22 1.57 5.02 2.96 1.63 50.89 45.04
8.1 11/10/99 1100 04-1216-29 21.97 15.69 1.40 5.54 2.72 1.63 <5.00 Not Detected 46.02 5590
82 11/10/99 1400 04-1216-30 21.23 15.16 1.26 5.65 2.75 1.68 <3.00 Not Detected 54.99 44.50
8.3 11/10/99 1700 04-1216-28 23,04 16.45 1.58 5.86 2.77 1.16 <5.00 Not Detected 45.63 4430
84 11/10/99 2300 04-1216-31 22.67 16.19 1.50 5.81 2.71 1.19 <5.00 Not Detected 52.28 4392
Average 2223 15.87 1.44 5.72 2.74 142 49.73 47.16
9.1 11/11/99 0200 04-1216-34 22.73 16.23 1.57 5.86 2.57 1.28 <5.00 Not Detected 46.84 44.56
92 11/11/99 0500 04-1216-36 22.82 16.29 1.55 5.78 2.51 1.35 <5.00 Not Detected 48.51 44.27
9.3 11/11/99 0800 04-1216-32 22.65 16.17 1.55 5.66 2.30 1.09 <5.00 Not Detected 50.64 45.26
9.4 11/11/99 1700 04-1216-37 22.88 16.33 1.54 5.66 2.40 1.51 <5.00 Not Detected 46.52 44.74
9.5 11/11/99 2000 04-1216-35 22.45 16,03 1.55 5.56 247 1.30 <5.00 Not Detected 54.38 42.09
9.6 11/11/99 2300 04-1216-33 22.05 15.74 1.48 5.41 249 1.72 <3.00? Not Detected 51.60 45.70
Average 22.6 16.13 1.54 5.66 246 1.38 49.75 44.44
10.1 11/12/99 0500 04-1216-39 22.34 15.95 158 5.37 222 1.35 <5.00 Not Detected 48.09 44 11
10.2 11/12/99 0800 04-1216-38 22.94 1638 1.52 5.56 223 1.62 <5.00 Not Detected 48.30 43.37
10.3 11/12/99 1100 04-1216-40 23.28 16.62 1.64 5.62 2.30 1.36 <5.00 Not Detected 47.62 44.46
Average 22.85 16.32 1.58 5.52 2.25 1.44 48.00 43.98
11.1 11/13/99 0200 04-1216-45 21.89 15.63 1.55 5.43 242 0.13 <3.00 Not Detected 56.29 45,95
11.2 11/13/99 0500 04-1216-41 2199 15.70 1.56 5.42 2.31 0.43 <5.00 Not Detected 45,62 46.54
11.3 11/13/99 0800 04-1216-44 21.49 15.34 1.57 5.40 2.56 0.14 <3.00 Not Detected 60.01 46.06
114 11/13/99 1400 04-1216-42 2174 15.52 1.55 5.53 2.11 0.15 <5.00 Not Detected 47.07 46.91
115 11/13/99 1700 04-1216-43 21.70 15.49 1.66 5.51 2.08 1.21 <3.00 Not Detected 51.40 46.66
11.6 11/13/99 2000 04-1216-46 2177 15.54 1.67 5.34 2.14 0.12 <3.00? Not Detected 54.73 46,52
Average 21.76 15.54 1.59 344 227 0.36 52.52 46.44
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

SDA HOPPER ASH

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; e CaS0; ¢ 2H,0 Acid

Oxide, CaO Ca Mg CO; SO, 12H,0 Insoluble
1.1 11/03/99 1600 04-1223-01 23.76 16.96 1.34 4.10 2.36 0.30 5.00 Not Detected 49.77
Average 2376 16.96 1.34 4.10 2.36 0.30 49.77
2.1 11/04/99 0800 04-1223-02 25.33 18.08 1.47 3.55 249 1.23 6.00 Not Detected 50.81
22 11/04/99 1200 04-1223-03 24.06 17.18 1.35 426 3.08 0.52 <5.00 Not Detected 50.28
23 11/04/99 1600 04-1223-04 25.00 17.85 1.40 435 342 0.69 <5.00 Not Detected 49.59
2.4 11/04/99 2000 04-1223-05 24,68 17.62 1.40 4.62 3.16 0.99 <5.00 Not Detected 47.86
2.5 11/04/99 2400 04-1223-06 25.08 17.91 147 473 3.66 0.39 5.00 Not Detected 48.10
Average 24.83 17.73 1.42 43 3.16 0.76 Not Detected Not Detected 49.33
3.1 11/05/99 0400 04-1223-07 24.52 17.51 147 4.68 3.82 0.73 <5.00? Not Detected 45,90
3.2 11/05/99 0800 04-1223-08 25.20 17.99 1.41 4.66 4.08 0.82 5.00 Not Detected 45,47
Average 24.86 17.75 1.44 4.67 3.95 0.78 45.69
4.1 11/06/99 0200 04-1223-09 22.62 16.15 122 4.93 3.87 0.98 <5.00 Not Detected 49.28
Average 22.62 16.15 122 4.93 3.87 0.98 49.28
5.1 11/07/99 0200 04-1223-10 23.20 16.56 1.35 3.75 337 0.31 <5.60 Not Detected 53.04
52 11/07/99 0500 04-1223-11 24.06 17.18 1.43 3.18 3.03 0.78 <5.007? Not Detected 51.69
53 11/07/99 0800 04-1223-12 24.19 17.27 1.44 4.03 3.63 0.24 <5.00 Not Detected 57.64
54 11/07/99 1400 04-1223-13 24.04 17.16 1.47 4.11 2.37 0.55 <5.00 Not Detected 57.87
5.5 11/07/99 1700 04-1223-14 23.09 16.49 1.41 3.30 2.38 0.27 <5.00 Not Detected 47.16
5.6 11/07/99 2000 04-1223-15 23.69 16.91 1.43 4.04 2.18 0.13 5.00 Not Detected 47.38
5.7 11/07/99 2300 04-1223-16 -24.54 17.52 1.45 3.73 1.84 0.27 <5.00 Not Detected 54.12
Average 23.83 17.01 1.43 3.81 2.69 0.36 52.7
6.1 11/08/99 0200 04-1223-17 2427 17.33 1.37 3.82 1.81 0.08 6.00 Not Detected 44.77
6.2 11/08/99 0500 04-1223-18 2511 1793 147 3.70 2.06 0.29 <5.00 Not Detected 38.97
6.3 11/08/99 0800 04-1223-19 24.14 17.24 1.39 3.72 1.96 0.18 5.00 Not Detected 48.84
6.4 11/08/99 2000 04-1223-20 27.02 19.29 1.52 3.63 1.87 0.19 5.00 Not Detected 4722
6.5 11/08/99 2300 04-1223-21 27.15 19.38 1.43 3.71 2.01 0.15 <5.00 Not Detected 46.48
Average 25.54 1823 144 372 194 0.18 45.26
7.1 11/09/99 0200 04-1223-22 2821 20.14 1.53 355 2.10 0.75 <5.00 Not Detected 46.62
72 11/09/99 1760 04-1223-23 26.27 18.76 1.56 4.34 1.90 0.56 5.00 Not Detected 47.55
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO, » CaSO, « 2H,0 Acid

QOxide, CaO Ca Mg CO; SO, 12H;0 Insoluble
7.3 11/09/99 2000 04-1223-24 26.03 18.59 1.54 4.53 2.01 0.20 8.00 Not Detected 47.12
7.4 11/09/99 2300 04-1223-25 26.04 18.59 1.48 4.72 223 0.19 5.00 Not Detected 4743
Average 26.64 19.02 1.53 4.29 2.06 0.43 47.18
8.1 11/10/99 1100 04-1223-26 25.79 18.42 1.55 5.06 211 0.35 5.00 Not Detected 46.50
82 11/10/99 1400 04-1223-27 25.73 18.37 1.57 533 2.00 0.34 5.00 Not Detected 46.28
83 11/10/99 1700 04-1223-28 2522 18.00 1.53 5.14 2.22 0.19 <5.00 Not Detected 47.50
84 11/10/99 2300 04-1223-29 25.63 18.30 1.48 4.63 2.35 0.35 <5.00 Not Detected 47.65
Average 25.59 18.27 1.53 5.04 217 0.31 4698
9.1 11/11/99 0200 04-1223-30 2594 18.52 1.58 4.59 2.24 0.30 <5.00 Not Detected 47.68
9.2 11/11/99 0500 04-1223-31 24.74 17.66 1.41 4.37 2.02 0.53 <5.00 Not Detected 50.69
9.3 11/11/99 0800 04-1223-32 26.21 18.71 1.53 3.75 1.95 0.25 <5.00 Not Detected 48.75
9.4 11/11/99 1700 04-1223-33 25.35 18.10 1.44 410 272 0.26 <5.00 Not Detected 49.77
9.5 11/11/99 2000 04-1223-34 25.24 18.02 1.45 4.14 2.46 0.07 <5.00 Not Detected 50.54
9.6 11/11/99 2300 04-1223-35 24.99 17.85 148 4.12 241 0.42 5.00 Not Detected 50.56
Average 25.41 18.14 148 4.18 23 0.31 49.67
10.1 11/12/99 0500 04-1223-36 25.45 18.17 1.53 4.39 2.57 0.24 5.00 Not Detected 47.89
10.2 11/12/99 0800 04-1223-37 25.39 18,13 1.49 4.56 248 0.41 5.00 Not Detected 47.09
10.3 11/12/99 1100 04-1223-38 26.64 17.59 1.39 446 2.87 0.23 Not Detected Not Detected 47.68
Average 25.83 17.96 1.47 447 2.64 0.29 47.55
111 11/13/99 0200 04-1223-39 24.49 17.49 1.56 4.79 2.85 0.52 5.00 Not Detected 49.49
11.2 11/13/99 0500 04-1223-40 23.60 16.85 1.50 478 2.77 0.7t <5.00 Not Detected 49.11
113 11/13/99 0800 04-1223-41 23.67 16.90 1.55 492 2.77 043 <5.00 Not Detected 49.02
114 11/13/99 1400 04-1223-42 2321 16.58 1.50 5.14 2.89 1.28 <5.00 Not Detected 48.15
115 11/13/99 1700 04-1223-43 22.95 16.39 1.45 5.06 2.62 1.08 <5.00 Not Detected 49.49
11.6 11/13/99 2000 04-1223-44 23.49 16.77 1.55 4,74 2.80 1.26 <5.00 Not Detected 48.10
11.7 11/13/99 2300 04-1223-45 23.92 17.08 1.54 4.67 2.65 1.60 5.00 Not Detected 49.08
Average 23.62 16.87 1.52 4.87 2.76 0.98 48.92
12.1 11/14/99 0200 04-1223-46 2297 16.40 159 5.03 2.69 1.24 5.00 Not Detected 48.31
122 11/14/99 0500 04-1223-47 2292 16.37 1.60 524 2.73 1.03 <5.00 Not Detected 4822
123 11/14/99 0800 04-1223-48 23.16 16.54 1.64 5.41 243 115 5.00 Not Detected 48.66
124 11/14/99 2000 04-1223-49 2429 17.34 1.66 5.57 2.51 1.69 6.00 Not Detected 45.15
Average 23.34 16.66 1.62 5.31 99 1.28 47.59
13.1 11/15/99 0200 04-1223-50 24.40 17.42 1.67 5.85 237 1.82 5.00 Not Detected 46.94
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Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; ¢ CaSO, ¢ 2H,0 Acid
Oxide, CaO Ca Mg COy SO, 12H,0 Insoluble
132 11/15/99 0500 04-1223-51 24.31 17.36 1.63 5.86 273 1.42 <5.00 Not Detected 46.59
Average 24.36 17.39 1.65 5.86 2.55 1.62 46.77
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SDA SYSTEM

DEMONSTRATION PROGRAM TEST REPORT

HEALY CLEAN COAL PROJECT

SURGE BIN ASH

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; » CaS0; « 2H,0 Acid

Oxide, CaO Ca Mg CO; SO, 12H,0 Insoluble
1.1 11/03/99 0800 04-1222-01 23.86 17.04 1.47 4.65 290 127 5.00 Not Detected 50.17
12 11/03/99 1200 04-1222-02 23.38 16.69 148 4.76 3.16 1.65 <5.00 Not Detected 50.02
1.3 11/03/99 1600 04-1222-03 21.64 15.45 1.29 4.65 296 1.57 <5.007 Not Detected 50.08
Average 22.96 19.68 1.41 4.69 3.01 1.50 50.09
2.1 11/04/99 0800 04-1222-04 22.38 15.98 1.43 4.79 2.83 1.70 <5.00 Not Detected 4925
22 11/04/99 1200 04-1222-05 22.35 15.96 1.55 4.82 2.72 1.76 <5.00 Not Detected 49.97
2.3 11/04/99 1600 04-1222-06 2236 15.97 1.50 487 2.51 1.85 <5.00 Not Detected 49.90
2.4 11/04/99 2000 04-1222-07 2229 15.91 1.52 4383 191 1.96 <5.00? Not Detected 49.17
2.5 11/04/99 2400 04-1222-08 22.09 15.77 1.48 5.03 242 2.02 Not Detected Not Detected 44.16
Average 2229 15.92 1.50 4.87 248 1.86 Not Detected Not Detected 48.49
3.1 11/05/99 0400 04-1222-09 72.59 16.13 147 5.16 2.77 2.13 <5.00 Not Detected 4548
32 11/05/99 0800 04-1222-10 23.08 16.48 1.54 5.54 275 1.88 <5.00 Not Detected 45.72
33 11/05/99 2300 04-1222-11 22.45 16.03 1.53 5.40 2.21 1.85 <5.00 Not Detected 47.13
Average 22.71 16.21 1.51 537 2.58 1.95 46.11
4.1 11/06/99 0200 04-1222-12 21.96 1568 145 5.39 1.77 1.98 5.00 Not Detected 48.09
4.2 11/06/99 0500 04-1222-13 21.56 15.39 1.46 5.39 1.68 1.72 <5.00 Not Detected 48.28
Average 21.76 15.54 1.46 5.39 1.73 1.85 48.19
5.1 11/07/99 0200 04-1222-14 20.40 14.57 144 4.63 1.84 1.43 <5.00 Not Detected 51.92
52 11/07/99 0500 04-1222-15 20.22 14.44 144 4.61 1.73 1.32 5.00 Not Detected 52.38
5.3 11/07/99 0800 04-1222-16 20.24 14.45 1.49 448 1.24 0.70 5.00 Not Detected 52.05
54 11/07/99 1400 04-1222-17 21.06 15.04 1.48 4.62 0.81 0.78 5.00 Not Detected 5232
55 11/07/99 1700 04-1222-18 2097 14.98 1.44 470 1.24 0.72 <5.00 Not Detected 50.70
5.6 11/07/99 2000 04-1222-19 21.65 15.46 1.56 4.79 1.53 0.23 <5.00 Not Detected 50.33
5.7 11/07/99 2300 04-1222-20 2131 15.22 1.51 4.87 1.29 0.24 5.00 Not Detected 50.47
Average 20.84 14.88 1.48 4.67 1.38 0.77 5145
6.1 11/08/99 0200 04-1222-21 21.09 15.06 144 4.82 0.92 041 <5.00 Not Detected 50.77
6.2 11/08/99 0500 04-1222-22 21.99 15.70 1.53 4,54 0.55 0.63 <5.00 Not Detected 50.09
6.3 11/08/99 0800 04-1222-23 22.18 15.84 1.63 4.77 1.09 0.52 5.00 Not Detected 50.42
6.4 11/08/99 2000 04-1222-24 23.15 16.53 1.62 4.78 1.09 0.68 <5.00 Not Detected 49,39
6.5 11/08/99 2300 04-1222-25 23.15 16.53 1.55 4.86 1.05 0.28 <5.00 Not Detected 48.62
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Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; CaSO, « 2H,0 Acid

Oxide, Ca0O Ca Mg CO;s SO, 12H,0 Insoluble
Average 22.31 15.93 1.55 4.75 0.94 0.50 49.86
7.1 11/09/99 0200 04-1222-26 22.53 16.09 1.51 4.54 0.78 0.48 5.00 Not Detected 4981
72 11/09/99 1700 04-1222-27 23.18 16.55 1.49 5.31 0.96 0.61 5.00 Not Detected 47.46
73 11/09/99 2000 04-1222-28 23.97 17.12 1.65 5.31 1.46 0.62 5.00 Not Detected 47.47
7.4 11/09/99 2300 04-1222-29 23.53 16.80 1.59 543 1.28 0.68 5.00 Not Detected 48.74
Average 23.30 16.64 1.56 5.15 1.12 0.6 48.37
8.1 11/10/99 1100 04-1222-30 23.59 16.84 1.60 5.81 1.43 0.97 <5.00 Not Detected 46.85
82 11/10/99 1400 04-1222-31 23.80 16.99 1.65 6.10 1.04 0.73 5.00 Not Detected 46.56
83 11/10/99 1700 04-1222-32 24.04 17.16 1.65 6.20 2.05 0.99 9.00 Not Detected 46.58
84 11/10/99 2300 04-1222-33 23.86 17.03 1.66 5.90 1.97 0.76 5.00 Not Detected 47.22
Average 23.82 17.01 1.64 6.00 1.62 0.86 46.8
91 11/11/99 0200 04-1222-34 24.00 17.14 1.63 6.03 1.89 0.52 8.00 Not Detected 45.30
9.2 11/11/99 0500 04-1222-35 23.10 16.49 1.53 5.80 2.20 0.75 8.00 Not Detected 46.19
9.3 11/11/99 0800 04-1222-36 23.62 16.86 1.70 5.82 2.21 1.11 6.00 Not Detected 44.63
94 11/11/99 1700 04-1222-37 23.86 17.04 1.68 5.86 2.04 1.14 8.00 Not Detected 46.17
9.5 11/11/99 2000 04-1222-38 23.01 1643 1.56 5.69 2.04 1.55 5.00 Not Detected 45.72
9.6 11/11/99 2300 04-1222-39 23.11 16.50 1.64 5.66 1.88 0.60 6.00 Not Detected 46.74
Average 23.45 16.74 1.62 5.81 2.04 0.95 45.79
10.1 11/12/99 0500 04-1222-40 23.09 16.49 1.6} 5.59 197 0.97 5.00 Not Detected 47.98
10.2 11/12/99 0800 04-1222-41 23.61 16.85 1.69 5.86 1.86 0.78 5.00 Not Detected 46.81
Average 23.35 16.67 1.65 5.73 1.92 0.88 474
11.1 11/13/99 0200 04-1222-42 2228 15.91 1.60 5.72 1.91 0.93 6.00 Not Detected 48.09
11.2 11/13/99 0500 04-1222-43 22.66 16.18 1.63 5.65 1.96 0.28 6.00 Not Detected 48.30
11.3 11/13/99 0800 04-1222-44 22.00 15.71 1.60 5.66 1.85 0.58 8.00 Not Detected 47.84
114 11/13/99 1400 04-1222-45 22.02 15.73 1.60 5.68 1.76 0.23 <5.00 Not Detected 48.60
115 11/13/99 1700 04-1222-46 22.11 15.79 1.64 5.73 2.06 0.20 5.00 Not Detected 47.24
11.6 11/13/99 2000 04-1222-47 2247 16.04 1.68 5.61 1.62 0.63 <5.00 Not Detected 48.11
117 11/13/99 2300 04-1222-48 2245 16.03 1.69 5.67 1.38 0.23 8.00 Not Detected 48.82
Average 2228 1591 1.63 5.67 1.79 0.44 48.14
12.1 11/14/99 0200 04-1222-49 22.13 15.80 1.67 5.52 1.68 0.78 <5.00 Not Detected 48.39
12.2 11/14/99 0500 04-1222-50 22.4] 16.00 1.67 5.60 1.76 0.69 10.00 Not Detected 48.03
123 11/14/99 0800 04-1222-51 2233 15.94 1.70 5.81 1.28 0.65 <5.00 Not Detected 47.15
124 11/14/99 2300 04-1222-52 2238 15.98 1.67 6.12 1.25 0.98 6.00 Not Detected 47.61
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; CaS0, « 2H;0 Acid

Oxide, CaO Ca Mg CO, SO 12H,0 Insoluble
Average 2231 15.93 1.68 5.76 149 0.78 47.8
13.1 11/15/99 0200 04-1222-53 22.36 15.97 1.66 6.12 1.26 0.81 5.00 Not Detected 46.51
132 11/15/99 0500 04-1222-54 2328 16.62 1.75 6.38 1.50 0.63 5.00 Not Detected 45.20
Average 22.82 16.30 1.71 6.25 1.38 0.72 45.86
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DEMONSTRATION PROGRAM TEST REPORT

SDA SYSTEM

HEALY CLEAN COAL PROJECT

AIR HEATER HOPPER ASH

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sullite, SO; | Carbonate, Sulfate, CaSO; o CaSO, ¢ 2H,0 Acid

Oxide, CaO Ca Mg CO, S04 12H,0 Insoluble
1.1 11/03/99 0800 04-1218-01 22.57 16.11 0.76 0.74 1.39 0.43 Not Detected Not Detected 65.30
12 11/03/99 | 1200 04-1218-02 30.30 21.63 131 1.22 1.21 .16 Not Detected Not Detected 51.88
1.3 11/03/99 1600 04-1218-03 23.64 16.88 098 0.85 220 117 Not Detected Not Detected 64.12
Average 25.50 18.21 1.02 0.94 1.60 0.92 60.43
2.1 11/04/99 Q800 04-1218-04 24.63 17.58 1.01 1.14 294 1.06 Not Detected Not Detected 61.25
22 11/04/99 1200 04-1218-05 2538 18.12 1.12 1.16 238 1.03 Not Detected Not Detected 62.97
2.3 11/04/99 1600 04-1218-06 2545 18.17 0.94 0.80 253 0.71 Not Detected Not Detected 6146
24 11/04/99 2000 04-1218-07 2751 19.64 0.99 0.82 2.70 0.61 Not Detected Not Detected 5775
25 11/04/99 2400 04-1218-08 31.61 22.57 123 0.96 392 0.73 Not Detected Not Detected 52.81
Average 2692 19.22 1.06 0.98 2.89 0.83 Not Detected Not Detected 59.25
3.1 11/05/99 0400 04-1218-09 29.88 21.34 1.19 147 3.09 141 Not Detected Not Detected 51.75
32 11/05/99 0800 04-1218-10 29.29 20.91 1.20 1.51 2.82 1.75 Not Detected Not Detected 44.12
33 11/05/99 2300 04-1218-11 28.08 20.05 0.97 0.75 387 0.50 Not Detected Not Detected 5t.14
Average 29.08 20.77 1.12 1.24 326 122 49.00
4.1 11/06/99 0200 04-1218-12 28.05 20.03 1.13 1.01 2.57 1.13 Not Detected Not Detected 3336
42 11/06/99 0500 04-1218-13 26.63 19.01 1.0} 0.83 2.88 0.66 Not Detected Not Detected 3481
Average 27.34 19.52 1.07 092 273 0.90 34.09
5.1 11/07/99 0200 04-1218-14 21.70 15.49 0.89 0.77 3.17 0.84 Not Detected Not Detected 61.16
52 11/07/99 0500 04-1218-15 24.67 17.61 1.13 0.63 220 0.73 Not Detected Not Detected 58.82
5.3 11/07/99 0800 04-1218-16 25.02 17.86 1.16 0.86 2.70 0.77 Not Detected Not Detected 50.31
5.4 11/07/99 1400 04-1218-17 30.02 21.43 1.27 0.74 3.81 0.57 Not Detected Not Detected 51.16
5.5 11/07/99 1700 04-1218-18 27.04 19.30 1.30 1.00 228 0.89 Not Detected Not Detected 56.72
5.6 11/07/99 2000 04-1218-19 27.90 19.92 129 0.74 249 0.60 Not Detected Not Detected 56.09
5.7 11/67/99 2300 04-1218-20 26.16 18.67 1.14 0.67 2.67 0.63 Not Detected Not Detected 55.83
Average 26.07 18.61 1.17 0.77 276 0.72 55.73
6.1 11/08/99 0200 04-1218-21 28.19 20.13 1.25 0.64 299 0.54 Not Detected Not Detected 52.15
6.2 11/08/99 0500 04-1218-22 28.49 20.34 1.34 0.71 2.12 1.17 Not Detected Not Detected 49.08
6.3 11/08/99 0800 04-1218-23 28.17 20.12 1.35 0.78 261 1.13 Not Detected Not Detected 34.14
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; ¢ CaSO,; « 2H,0 Acid

Oxide, CaO Ca Mg COy $0, 12H,0 Insoluble
6.4 11/08/99 2000 04-1218-24 3114 2223 1.35 0.80 3.10 0.74 Not Detected Not Detected 48.88
6.5 11/08/99 2300 04-1218-25 31.38 22.41 1.38 0.93 3.07 0.80 Not Detected Not Detected 48.13
Average 29.47 21.05 133 0.77 278 0.88 46.48
7.1 11/09/99 0200 04-1218-26 30.13 21.51 1.51 1.13 2.80 1.42 Not Detected Not Detected 48.57
7.2 11/09/99 1700 04-1218-27 28.83 20.58 1.22 0.65 1.83 0.59 Not Detected Not Detected 58.93
7.3 11/09/99 2000 04-1218-28 2423 17.30 1.01 0.58 2.39 0.81 Not Detected Not Detected 59.46
74 11/09/99 2300 04-1218-29 27.82 19.86 123 0.81 3.01 0.68 Not Detected Not Detected 50.72
Average 21.75 19.81 1.24 0.79 2.51 0.88 54.42
8.1 11/10/99 1100 04-1218-30 26.68 19.05 1.24 091 2.43 1.08 Not Detected Not Detected 51.78 |
82 11/10/99 1400 04-1218-31 25.75 16.39 1.7 1.00 2.62 1.21 Not Detected Not Detected 5808 |
83 11/10/99 1700 04-1218-32 27.01 19.29 1.30 1.05 2.83 1.30 Not Detected Not Detected 53.60
84 11/10/99 2300 04-1218-33 26.61 19.00 1.21 .66 231 0.67 Not Detected Not Detected 58.03
Average 26.51 18.43 1.23 0.91 2.55 1.07 55.60
9.1 11/11/99 0200 04-1218-34 2435 17.39 1.10 0.67 2.76 0.65 Not Detected Not Detected 58.52
9.2 11/11/99 0500 04-1218-35 23.65 16.89 1.01 0.62 2.53 0.44 Not Detected Not Detected 52.58
93 11/11/99 0800 04-1218-36 24.10 17.21 1.10 0.71 2.58 0.65 Not Detected Not Detected 60.14
9.4 11/11/99 1700 04-1218-37 24.60 17.56 0.95 0.63 2.56 0.59 Not Detected Not Detected 59.94
9.5 11/11/99 2000 04-1218-38 22.55 16.10 0.91 0.64 2.65 0.57 Not Detected Not Detected 43.06
9.6 11/11/99 2300 04-1218-39 23.48 16.76 0.94 0.81 2.77 0.75 Not Detected Not Detected 61.28
Average 23.79 16.99 1.00 0.68 2.64 0.61 5592
10.1 11/12/99 0500 04-1218-40 23.60 16.99 110 0.63 2.83 0.61 Not Detected Not Detected 54.62
10.2 11/12/99 0800 04-1218-41 2433 17.37 112 0.79 2.81 0.98 Not Detected Not Detected 57.36
Average 2397 17.18 1.1t 0.71 2.82 0.80 55.99
11,1 11/13/99 0200 04-1218-42 2296 16.39 1.00 0.67 2.57 0.90 Not Detected Not Detected 59.97
11.2 11/13/99 0500 04-1218-43 24.64 17.59 1.09 0.70 2.75 0.54 Not Detected Not Detected 58.12
113 11/13/99 0800 04-1218-44 2322 16.58 1.03 0.69 237 0.80 Not Detected Not Detected 58.01
11.4 11/13/99 1400 04-1218-45 24.18 17.27 1.02 0.76 272 0.83 Not Detected Not Detected 39.55
115 11713799 1700 04-1218-46 24.59 17.56 1.10 0.64 2.95 0.91 Not Detected Not Detected 59.52
{16 11/13/99 2000 04-1218-47 2429 17.34 1.21 1.06 2.63 1.34 Not Detected Not Detected 57.88
11.7 11/13/99 2300 04-1218-48 2243 16.02 (.95 0.74 3.06 0.56 Not Detected Not Detected 61.18
Average 23.76 16.96 1.06 0.75 2.72 0.84 56.32
12.1 11/14/99 0200 04-1218-49 24.21 17.29 1.37 2.74 1.35 Not Detected Not Detected 61.02
122 11/14/99 0500 04-1218-50 23.35 16.67 0.93 247 0.39 Not Detected Not Detected 60.22
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT
Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; ¢ CaSO; ¢ 2H,0 Acid

Oxide, CaO Ca Mg CO;, S0, 12H,0 Insoluble
12.3 11/14/99 0800 04-1218-51 2397 17.12 1.19 0.61 2.68 0.58 Not Detected Not Detected 60.63
12.4 11/14/99 1 2300 04-1218-52 2570 1835 1.22 1.30 2.93 0.80 Not Detected Not Detected 57.59
Average 24.31 17.36 1.16 1.05 2.71 0.78 59.87
13.1 11/15/99 0200 04-1218-53 2798 19.96 1.34 1.09 2.89 0.89 Not Detected Not Detected 55.68
13.2 11/15/99 | 0500 04-1218-54 28.39 20.27 1.19 0.80 3.18 0.65 Not Detected Not Detected 56.38
Average 28.19 20.12 127 0.95 3.04 0.77 56.03
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

BAG HOUSE HOPPER ASH (WEST)

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnestum, | Sulfite, SO, | Carbonate, Sulfate, CaSO; o CaSO; « 2H,0 Acid

Oxide, CaO Ca Mg CO;y SO, 12H,0 Insoluble
1.1 11/03/99 0800 04-1225-01 21.77 15.54 1.37 4.57 1.15 1.30 <5.00 Not Detected 51.47
12 11/03/99 1200 04-1225-02 22.29 1591 1.45 4.83 1.32 1.74 6.00 Not Detected 5218
13 11/03/99 1600 04-1225-03 2237 15.97 138 4.63 1.33 1.51 6.00 Not Detected 52.52
Average 22.14 1581 1.40 4.68 1.27 1.52 52.05
2.1 11/04/99 0800 04-1225-04 22.09 15.77 1.47 4.82 1.36 1.75 <5.00 Not Detected 51.80
22 11/04/99 1200 04-1225-05 22.62 16.15 1.44 474 1.24 1.90 <5.00 Not Detected 51.57
23 11/04/99 1600 04-1225-06 22,19 15.84 1.51 5.01 1.45 217 <5.00 Not Detected 50.76
24 11704799 2000 04-1225-07 22.87 16.33 1.48 5.02 1.4} 217 <5.00 Not Detected 50.97
2.5 11/04/99 2400 04-1225-08 23,78 16,98 1.53 5.02 148 1.82 <5.00? Not Detected 50.46
Average 22.71 16.21 1.49 492 139 1.96 Not Detected Not Detected 5111
31 11/05/99 0400 04-1225-09 23.10 16.49 1.51 5.18 1.63 1.92 6.00 Not Detected 49.51
32 11/05/99 0800 04-1225-10 24.33 17.37 1.57 5.24 1.79 1.81 6.00 Not Detected 48.44
Average 23.72 16.93 1.54 521 1.71 1.87 48.98
4.1 11/08/99 0800 04-1225-11 22.49 16.06 1.50 498 1.01 1.14 5.00 Not Detected 51.64
42 11/08/99 2000 04-1225-12 2335 16.67 1.53 4.96 1.07 1.73 <5.00 Not Detected 49.98
43 11/08/99 2300 04-1225-13 23.22 16.58 1.55 491 1.16 1.57 <5.00 Not Detected 50.27
, Average 23.02 16.44 1.53 495 1.08 1.48 50.63
5.1 11/09/99 0200 04-1225-14 2393 17.10 1.64 4.84 1.08 1.33 6.00 Not Detected 4971
52 11/09/99 1700 04-1225-15 24.14 17.23 1.67 5.56 1.29 1.32 6.00 Not Detected 48.69
5.3 11/09/99 2000 04-1225-16 24.14 17.23 1.66 5.56 1.37 1.39 7.00 Not Detected 48.27
54 11/09/99 2300 04-1225-17 24.32 17.37 1.63 5.36 1.38 1.39 6.00 Not Detected 48.02
Average 24.14 17.23 1.65 5§33 1.28 1.36 48.67
6.1 11/10/99 1100 04-1225-18 24.14 17.24 1.60 553 1.37 137 6.00 Not Detected 47.63
6.2 11/10/99 1400 04-1225-19 23.98 17.12 1.60 5.88 1.42 1.87 6.00 Not Detected 4798
6.3 H/10/99 1700 04-1225-20 24.10 17.21 1.60 6.14 1.35 1.77 10.00 Not Detected 4727
6.4 11/10/99 2300 04-1225-21 24.75 17.67 1.59 547 1.31 1.80 5.00 Not Detected 47.93
Average 2424 17.31 1.60 5.76 1.36 1.70 47.70
7.1 11/11/99 0200 04-1225-22 2332 16.65 1.54 6.03 1.32 1.67 6.00 Not Detected 48.37
72 1VILA9 0500 04-1225-23 23.54 16.81 1.58 592 .41 1.86 6.00 Not Detected 47.70

Stone & Webster ' Page K-1




SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; » CaSO, » 2H,0O Acid

Oxide, CaO Ca Mg CO; SO, 12H,0 Insoluble
7.3 11/11/99 0800 04-1225-25 2395 17.10 1.57 5.39 1.09 1.80 7.00 Not Detected 48.76
74 11/11/99 1700 04-1225-26 2371 16.93 1.60 5.87 1.14 1.87 7.00 Not Detected 48.36
7.5 11/11/99 2000 04-1225-27 23.29 16.63 1.58 5.68 1.12 1.78 7.00 Nat Detected 46.12
7.6 11/11/99 2300 04-1225-28 22.78 16.27 1.57 5.70 1.13 1.67 <5.00 Not Detected 49.29
Average 2343 16.73 1.57 5.77 1.20 1.78 48.10
8.1 11/12/99 0500 04-1225-29 2297 16.40 1.59 5.60 1.03 1.82 6.00 Not Detected 51.66
82 11/12/99 0800 04-1225-30 23.62 16,87 1.64 5.78 1.14 1.75 7.00 Not Detected 47.87
Average 22.03 15.73 1.41 4.7 1.24 1.52 51.81
9.1 11/13/99 0200 04-1225-31 22.88 16.33 1.60 5.53 1.24 1.54 6.00 Not Detected 49.39
92 11/13/99 0500 04-1225-32 22.64 16.16 1.65 5.65 1.14 1.64 6.00 Not Detected 49.44
9.3 11/13/99 0800 04-1225-33 22.59 16.13 1.63 5.56 1.15 1.74 5.00 Not Detected 48.37
94 11/13/99 1400 04-1225-34 22.63 16.16 1.72 5.61 1.07 1.83 <5.00 Not Detected 49.19
9.5 11/13/99 1700 04-1225-35 22.48 16.05 1.64 5.73 1.19 1.80 5.00 Not Detected 48.88
9.6 11/13/99 2000 04-1225-36 22.58 16.12 1.69 5.78 1.09 1.84 6.00 Not Detected 49.37
9.7 11/13/99 2300 04-1225-37 22.61 16.14 1.68 5.52 1.13 1.92 5.00 Not Detected 49.63
Average 22,71 16.21 1.49 492 1.39 1.96 51.11
10.1 11/14/99 0200 04-1225-38 22.61 16,14 1.64 5.30 0.99 1.98 5.00 Not Detected 49.75
10.2 11/14/99 0500 04-1225-39 22.18 15.84 1.62 543 1.12 2.06 5.00 Not Detected 49.40
10.3 11/14/99 0800 04-1225-24 2231 15.93 1.72 5.92 1.25 1.75 5.00 Not Detected 49.34
Average 24.03 17.15 1.56 5.23 1.75 1.84 48.71
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

BAG HOUSE HOPPER ASH (EAST)

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSQ; ¢ CaSO, » 2H,0 Acid

Oxide, CaQ Ca Mg COy SOy 12H,0 Insoluble
11 11/03/99 0800 04-1224-01 25.09 17.91 1.49 4.19 1.33 1.57 <5,00 Not Detected 50.65
1.2 11/03/99 1200 04-1224-02 2426 17.32 1.50 4,62 1.40 1.61 5.00 Not Detected 51.46
Average 24.68 17.62 1.50 441 1.37 1.59 51.06
2.1 11/04/99 0800 04-1224-03 2271 16.22 1.49 4.84 1.38 1.71 <5.007 Not Detected 51.59
2.2 11/04/99 1200 04-1224-04 23.02 16.44 1.54 4.72 1.44 1.73 <5.00 Not Detected 51.40
23 11/04/99 1600 04-1224-05 22.17 15.83 1.40 5.03 138 1.61 6.00 Not Detected 50.42
24 11/04/99 2000 04-1224-06 2222 15.86 1.41 523 1.63 195 5.00 Not Detected 49.73
| 2.5 11/04/99 2400 04-1224-07 23.19 16.56 1.49 5.14 1.57 1.71 6.00 Not Detected 49.12
Average 22.66 16.18 147 499 1.48 1.74 Not Detected Not Detected 50.45
3.1 11/05/99 0400 04-1224-08 22.66 16.18 1.52 5.46 1.62 1.71 6.00 Not Detected 49.53
32 11/05/99 0800 04-1224-09 23.82 17.01 1.54 5.38 1.75 1.66 8.00 Not Detected 48.81
Average 2324 16.60 1.53 542 1.69 1.69 49.17
4.1 11/06/99 0200 04-1224-10 22.46 16.04 1.54 573 1.55 1.78 6.00 Not Detected 49.77
4.2 11/06/99 0500 04-1224-11 21.81 15.57 1.50 5.56 1.62 1.45 5.00 Not Detected 51.03
Average 22.14 15.81 1.52 5.65 1.59 1.62 50.40
5.1 11/07/99 0200 04-1224-12 20.22 14.44 1.50 4.02 0.85 1.30 <5.00 Not Detected 55.53
5.2 11/07/99 Q500 04-1224-13 19.98 14.23 1.39 4.75 0.87 1.31 <5.00 Not Detected 55.42
5.3 11/07/99 0800 04-1224-14 20.34 14,52 147 4.59 1.06 1.16 5.00 Not Detected 54.89
54 11/07/99 1400 04-1224-15 21.24 15.16 1.49 4.84 1.12 1.20 <5.00 Not Detected 53.69
5.5 11/07/99 1700 04-1224-16 22.07 15.76 1.49 442 1.00 1.74 <5.00 Not Detected 5291
5.6 11/07/99 2000 04-1224-17 21.72 15.51 1.49 4.53 1.09 1.25 <5.00 Not Detected 52.78
5.7 11/07/99 2300 04-1224-18 22.19 15.85 1.57 4.89 1.33 1.11 6.00 Not Detected 51.77
Average 21.11 15.07 1.49 4.58 1.05 130 33.86
6.1 11/08/99 0200 04-1224-19 21.78 15.55 1.51 491 115 1.24 5.00 Not Detected 51.45
6.2 11/08/99 0500 04-1224-20 22.08 15.77 1.48 4.88 1.17 1.18 <5.00 Not Detected 50.83
6.3 11/08/99 0800 04-1224-21 22.61 16.14 1.55 4.88 129 1.25 6.00 Not Detected 50.57
6.4 11/08/99 2000 04-1224-22 23.73 16.94 1.59 4.95 1.11 1.75 7.00 Not Detected 49.85
6.5 11/08/99 2300 04-1224-23 24,11 17.21 1.62 4.83 1.04 1.71 6.00 Not Detected 49.23
Average . 22.86 16.32 1.55 4.89 1.15 1.43 50.39
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; e CaSO, « 2H,0 Acid

Oxide, CaQ Ca Mg CQO; SOy 12H,0 Insoluble
7.1 11/09/99 0200 04-1224-24 23.58 16.84 1.60 4.75 1.12 1.71 <5.00 Not Detected 49.19
72 11/09/99 1700 04-1224-25 24.40 17.42 1.64 5.19 1.28 1.67 7.00 Not Detected 48.38
73 11/09/99 2000 04-1224-26 23.73 16.94 1.56 5.32 1.21 1.61 8.00 Not Detected 48.90
74 11/09/99 2300 04-1224-27 24.17 17.26 1.59 5.17 1.37 1.79 5.00 Not Detected 48.56
Average 23.97 17.12 1.60 5.H 1.25 1.70 48.76
8.1 11/10/99 1100 04-1224-28 23.70 16.92 1.57 5.67 1.40 1.83 6.00 Not Detected 49,97
82 11/10/99 1400 04-1224-29 23.85 17.03 1.60 6.04 1.38 1.76 5.00 Not Detected 47.30
83 11/10/99 1700 04-1224-30 24.17 17.26 1.58 5.54 1.34 2.04 <5.00 Not Detected 47.28
8.4 11/10/99 2300 04-1224-31 23.73 16.94 1.53 5.41 1.40 1.91 <5.00 Not Detected 47.59
Average 24.68 17.62 1.5 441 1.37 1.59 51.06
9.1 11/11/99 0200 04-1224-32 23.50 16.78 1.59 5.98 1.22 1.88 <5.00 Not Detected 48.00
92 11/11/99 0800 04-1224-33 23.99 17.13 1.59 5.65 1.23 2.17 6.00 Not Detected 47.39
9.3 11/11/99 1700 04-1224-34 23.21 16.57 1.51 5.70 1.18 1.93 <5.00 Not Detected 46.99
9.4 11/11/99 2000 04-1224-35 23.12 16.51 1.47 5.69 1.31 2.38 5.00 Not Detected 46.98
9.5 11/11/99 2300 04-1224-36 22.95 16.38 1.52 5.60 1.16 1.84 7.00 Not Detected 48.52
Average 22.56 16.11 1.44 5.1 1.52 1.75 49.93
10.1 11/12/99° | 0500 04-1224-37 22.58 16.12 1.49 5.38 1.14 1.97 <5.00 Not Detected 48.50
10.2 11/12/99 0800 04-1224-38 23.72 16.94 1.69 5.53 1.08 1.87 7.00 Not Detected 48.46
Average 2324 16.6 1.53 5.42 1.69 1.69 49.17
111 11/13/99 0200 04-1224-39 2291 16.36 1.53 5.38 1.19 1.92 <5.00 Not Detected 48.73
| 11.2 11/13/99 0500 04-1224-40 22.89 16.34 1.66 5.52 1.23 1.96 <5.00 Not Detected 49.80
113 11/13/99 0800 04-1224-41 22.31 15.93 1.58 5.51 1.14 1.94 <5.00 Not Detected 49.00
114 11/13/99 1400 04-1224-42 2241 16.00 1.59 545 1.55 1.95 <5.00 Not Detected 49.25
115 11/13/99 1700 04-1224-43 2235 15.95 1.62 5.41 1.38 2.09 <5.00 Not Detected 49,14
11.6 11/13/99 2000 04-1224-44 22.39 1598 1.62 5.00 1.24 2.1 5.00 Not Detected 49.39
117 11/13/99 2300 04-1224-45 2223 15.87 1.66 524 0.57 1.96 6.00 Not Detected 48.79
Average 21.00 14.99 1.48 4.71 1.08 1.39 53.81
12.1 11/14/99 0200 04-1224-46 22,68 16.19 1.67 4.74 1.08 2.02 <5.00 Not Detected 49.17
122 11/14/99 0500 04-1224-47 22.50 16.07 1.64 4.71 1.04 2.07 <5.00 Not Detected 48.77
12.3 11/14/99 0800 04-1224-48 22.15 15.82 1.69 4.99 1.01 234 6.00 Not Detected 46.88
124 11/14/99 2300 04-1224-49 22.54 16.09 1.64 5.97 0.85 . 246 7.00 Not Detected 45.16
Average 21.66 15.46 1.49 4.79 1.12 1.24 52.05
13.1 11715199 0200 04-1224-50 23.67 16.90 1.79 5.68 1.17 2.51 7.00 Not Detected 43.76
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, 8O, | Carbonate, Sulfate, CaSO, » CaS0, « 2H,0 Acid
Oxide, CaO Ca Mg CO;, SO, 12H,0 Insoluble
13.2 11/15/99 0500 04-1224-51 22.57 16.11 1.69 6.79 1.13 2.60 <5.00 Not Detected 44.62
Average 2349 16.77 1.59 4.86 1.1 1.57 49.81
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SDA SYSTEM
DEMONSTRATION PROGRAM TEST REPORT
HEALY CLEAN COAL PROJECT

Test No. Date Time Analysis Report No. Parameters
Calcium Calcium, Magnesium, | Sulfite, SO; | Carbonate, Sulfate, CaSO; e CaSO; » 2H,0 Acid

Oxide, CaO Ca Mg COs SO, 1/2H,0 Insoluble
8.1 11/10/99 1100 04-1224-28 23.70 16.92 1.57 5.67 1.40 1.83 6.00 Not Detected 4997
8.2 11/10/99 1400 04-1224-29 23.85 17.03 1.60 6.04 138 1.76 5.00 Not Detected 47.30
8.3 11/10/99 1700 04-1224-30 24.17 17.26 1.58 5.54 134 2,04 <5.00 Not Detected 47.28
84 11/10/99 2300 04-1224-31 23.73 16.94 1.53 541 1.40 1.91 <5.00 Not Detected 47.59
Average 23.86 17.04 1.57 5.67 1.38 1.89 48.04
9.1 11/11/99 0200 04-1224-32 23.50 16.78 1.59 5.98 1.22 1.88 <5.00 Not Detected 48.00
9.2 11/11/99 0800 04-1224-33 23.99 17.13 1.59 5.65 1.23 2.17 6.00 Not Detected 47.39
9.3 11/11/99 1700 04-1224-34 23.21 16.57 1.51 5.70 1.18 1.93 <5.00 Not Detected 46.99
9.4 11/11/99 2000 04-1224-35 23.12 16.51 1.47 5.69 1.31 238 5.00 Not Detected 46.98
9.5 11/11/99 2300 04-1224-36 22.95 16.38 1.52 5.60 1.16 1.84 7.00 Not Detected 48.52
Average 23.35 16.67 1.54 5.72 1.22 2.04 47.58
10.1 11/12/99 0500 04-1224-37 22.58 16.12 1.49 5.38 1.14 1.97 <5.00 Not Detected 48.50
10.2 11/12/99 0800 04-1224-38 23.72 16.94 1.69 5.53 1.08 1.87 7.00 Not Detected 48.46
Average 23.15 16.53 1.59 546 1.1 1.92 48.48
11.1 11/13/99 0200 04-1224-39 2291 16.36 1.53 5.38 1.19 1.92 <5.00 Not Detected 48.73
112 11/13/99 0500 04-1224-40 22.89 16.34 1.66 5.52 1.23 1.96 <5.00 Not Detected 4980
1.3 11/13/99 0800 04-1224-41 2231 15.93 1.58 5.51 1.14 1.94 <5.00 Not Detected 49.00
1.4 11/13/99 1400 04-1224-42 22.41 16.00 1.59 5.45 1.55 1.95 <5.00 Not Detected 49.25
15 11/13/99 1700 04-1224-43 22.35 15.95 1.62 5.41 1.38 2.09 <5.00 Not Detected 49.14
1.6 11/13/99 2000 04-1224-44 22.39 15.98 1.62 5.00 1.24 2.11 5.00 Not Detected 49.39
11.7 11/13/99 2300 04-1224-45 2223 15.87 1.66 524 0.57 1.96 6.00 Not Detected 48.79
Average 22.50 16.06 1.61 5.36 1.19 1.99 49.16
12.1 11/14/99 0200 04-1224-46 22.68 16.19 1.67 4.74 1.08 2.02 <5.00 Not Detected 4917
122 11/14/99 0500 04-1224-47 22.50 16.07 1.64 4.71 1.04 2.07 <5.00 Not Detected 48.77
123 11/14/99 0800 04-1224-48 22.15 15.82 1.69 499 1.01 234 6.00 Not Detected 46.88
124 11/14/99 2300 04-1224-49 22.54 16.09 1.64 597 0.85 246 7.00 Not Detected 45.16
Average 2247 16.04 1.66 5.10 1.00 222 47.50
13.1 11/15/99 0200 04-1224-50 23.67 16.90 1.79 5.68 117 2.51 7.00 Not Detected 43.76
132 11/15/99 0500 04-1224-51 22.57 16.11 1.69 6.79 1.13 2.60 <5.00 Not Detected 44.62
Average 23.12 16.51 1.74 6.24 1.15 2.56 44.19
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